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The  experimental  portion  of  the  present  work,  which  forms  a 
continuation  of  previous  researches  at  this  laboratory  t  was  carried 
out mainly during the years  1917-18  by  one  of  the present writers 
(Ellen  Lund)  with  the  assistance  of  can&  polyt.  Sven  Palitzsch. 
An extensive series of experiments for determination of fu was, how- 
ever,  carried  out  later,  in  1922,  by  K.  Linderstrffm-Lang,  while  a 
short  series  of  experiments  with  the  capacity  of  egg  albumin  to 
combine with acids in potassium chloride solutions was made in the 
autumn of  1925  by Dr.  William A.  Perlzweig (of the Johns Hopkins 
Hospital,  Baltimore)  during  a  period  of  study  at  the  Carlsberg 
Laboratory. 
Owing to the great development which has taken place during the 
last  decade in  the  general view of aqueous solutions,  the  treatment 
of the experimental material has been postponed until now. 
INTRODUCTION. 
The  capacity  of  proteins  to  combine  with  acids  and  bases  is  a 
phenomenon which has  long been  under  consideration by  scientists 
in  this field of work.  In  the  case  of egg albumin we may mention 
works by J.  Sjrqvist,  2 Bugarszky and Lieberrnann,  3 J. Loeb# Hitch- 
1  Studies on proteins.  II.  On the capacity  of egg albumin  to combine with 
acids  or  bases,  by S. P. L. S~rensen in collaboration with Margrethe  H~yrup, 
Jenny Hempel, and S. Palitzsch, Compt. rend. tray. Lab. Carlsberg, 1917, xii, 68. 
Sjrqvist, J., Skand. Arch. Physiol., 1893-95, v, 277; 1895, vi, 255. 
Bugarszky, S., and Liebermann, L., Arch. ges. Physiol., 1898, lxxii, 51. 
4 Loeb, J., J. Gen. Physiol., 1920-21, iii, 85. 
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cock, 5 W. Pauli, ~ and Cohn and Berggren. ~ At the Carlsberg Labora- 
tory, the capacity of egg albumin to combine with acids in ammo- 
nium sulphate solutions has previously been investigated by S. P. L. 
Sg~rensen, with the collaboration of M. Hdyrup, J. Hempel, and S. 
Palitzsch) and the experiments dealt with in the following pages 
are to be regarded as a natural continuation of the earlier work. 
They have been carried out in precisely the same way, with the 
exception of Dr. Perlzweig's measurements, which were effected by 
means of the quinhydrone electrode. 
The theoretical side of the question has hitherto been dealt with 
only in rather rough outline, the egg albumin being compared with 
a simple ampholyte such as for instance glycocoll, and certain pecu- 
liar qualities of the egg albumin would thus escape attention. So 
also, it is only in certain of the more recent works by E. J. Cohn, r 
Kinsuke Kondo, s J. Frisch, W. Pauli, and E. Valk6, 9 K. Linderstr~m- 
Lang, t° K. Linderstrg~m-Lang and S. Kodama, n and Northrop and 
Kunitz t" that protein chemistry had taken into consideration modern 
views as to the qualities of electrolytes. We shah have occasion to 
refer to these papers later on. 
For the present we will briefly note the principle in determination 
of the capacity to combine with acids (and bases). 
To one litre of a solution of pure egg albumin in pure water, con- 
taining cN gm.-equivalents of protein nitrogen, are added C~HS equiv- 
alents of the salts BHS and Y equivalents of the acid HS or the 
base B, 13 Y being reckoned as positive in the first case, negative in 
s Hitchcock, D. I., J. Gen. Physiol., 1922-23, v, 383. 
6 Pauli, W., Kolloidchemie der EiweisskSrper, Th. Steinkopff, Dresden, 1920. 
Cohn, E. J., Physiol. Rev., 1925, v, 349. 
8 Kondo, K., Compt. rend. tray. Lab. Carlsberg, 1924, xv, No. 8. 
9 Frisch, J., Pauli, W., and Valk6, E., Biochem. Z., 1925, clxiv, 401. 
l0 LinderstrlJm-Lang, K., Compt. rend. tray. Lab. Carlsberg, 1924, xv, No. 7. 
n Linderstr~m-Lang, K., and Kodama, S., Compt. rend. tray. Lab. Carlsberg, 
1925, xvi, No. 1. 
t2 Northrop, ]. H., and Kunitz, M., J. Gen. Physiol., 1925-26, ix, 351. 
la We will here and in the following, in agreement with J. N. Bmnsted (Rec. 
tray. chim. Pays-Bas, 1923, xlii, 718) define an acid as being capable of 
giving off hydrogen ions, a base as capable of taking up hydrogen ions, and an 
ampholyte as capable of both. Any uncharged base we will therefore write as B, S~RENSEN,  LINDERSTR~M-LANG,  AND  LUND  545 
the second.  Y is assumed to be small in comparison with cBm, and 
if the egg albumin, in  addition to  the hydrogen ion,  also  combines 
with  the other ions BH+ and S-  then we likewise  assume  that the 
combined  quantities  of  these are  small  in  comparison with  cBm. 
With a  view to the application of the calculation to  albumin  solu- 
tions containing ammonium chloride, we will  imagine the acid HS 
strong,  while  B  is  a  weak  base,  though  not  too weak to render 
c~, the concentration of  the  free base at  the hydrogen ion  activity 
given in  the  solution, insignificant in  comparison with c~s. 
Let fll~ be the equivalents of hydrogen ions taken up or given off 
by the  egg albumin,  positive in  the  former, negative in  the  latter 
case.  We then have: 
Y=  c~  -I-OH  -  c~  -  Coil  (~) 
and  any uncharged  acid as HS.  Any positive ion will then  be BH  +,  and  any 
negative S- where again BH  + is an acid and S- a base in so far as B and HS can be 
formed in the solution. 
When B  -- NH8 the equation 
BH  +  ~  B-I-H  +  :  NH,  +--  NI-Is-{-H  + 
is obvious for the equilibrium between the acid NH4  + and the base NHs, whereas 
for the base-- in an ordinary sense--KOH, which does not exist at all as such in 
the solution, the equation 
B  ~UH  ÷OoKOH.~H  ÷  =  K +'~OH--~-H  ÷  --  K +,H20  ~) BH  + 
is more complex.  According to Br~nsted, it is in reality the OH ion which is the 
base, since (as above) 
S--FH  +c°  OH-+H  +  =  H2Oco  SH 
(and the negatively charged base OH- is designated by S-) whereas the  potassium 
ion, which is completely dissociated from the hydroxyl ion and has neither tendency 
to take up nor tendency to  give off hydrogen ions, is indifferent in  this connec- 
tion.  The potassium ion is also entirely eliminated from an equation such as (11). 
There might perhaps  be reason to  formulate entirely new names, on  the  basis 
of Br~nsted's formal principle, which is in many respects to be preferred, in order 
to avoid coming into conflict with  the  old  ideas of  acids  and  bases.  There is, 
however, hardly any occasion to do so here, as we shall hardly be misunderstood 
when we write: 
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Taking, for the "hydrolysis" of BH  + according to the formula 
BH  +  --  B  +  H +  (2) 
the mass action equation 
as.  a~  =  ks  •  amr~  (3) 
where as,  all,  etc. denote the activity of the substance stated in the 
index, and with fmfB, etc. similarly denoting the activity coefficients, 
we then, having regard to (1) and (3), to the equations 
abe+  =  fB'÷  • Ca,.÷; as  =  f.,  •  cB  ............  a,,  =  f.  •  ca,  14  (4) 
and to the equation 
a,,.  aoH  =  k,,  •  aH~o  (5) 
(k,, the dissociation constant of water), obtain the following: 
k•.  a~o  Co,, =  ~  (6) 
foa  •  aa 
kB • fBH+ 
c~  =  csH+.  ~  (7) 
fs  "  aa 
kS  •  fsR +  _  a..~s  1  kw  •  aH,o  "fH~  _[_ c,g+  •  ---  (8) 
At  the  hydrogen ion  activities and  salt  concentrations which we 
shall have to deal with in the following, the term 
k~  •  aH,  o  • fH 
1  (9) 
OH  "  ~2H 
is very nearly 1.  6Ba  + we can, from the  foregoing, take  as  equal  to 
CBHS the  salt  concentration, and  we have  then,  from  (8) 
a_E  ks  •  fnH.________~  •  (10)  OH  =  Y--  fu  "+" cs,,s  •  /s  " a. 
which holds good when B  is a  weak base. 
In this equation,  then,  Y  can have either plus or minus sign,  ac- 
cording as there is  added a  surplus  of acid or of base. 
li For  the  activities  and  activity  coefficients,  their  definition  and  thermo- 
dynamics see e.g.  Lewis,  G. N.,  and Randall,  M.,  Thermodynamics and the  free 
energy  of  chemical  substances,  McGraw-Hill  Book  Company,  New  York  and 
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Where B is not a weak base (BHS  =  KCI for instance), ks can be 
taken as  =  0,  and we then obtain: 
=  y  _  a~  (11) 
/H 
Now in (10)  or (11)  we know Y, the quantity of acid or base added. 
aH is measured electrometrically, and cri~s is the salt concentration in 
the  solution. 
When, therefore, fri, fs~, Js and ks are also known, t~H can be cal- 
culated.  (When  ks  is  0  it  is  only necessary  to  know fli).  These 
values  we will  assume  to  be independent o/c~ and thus determinable 
by the investigation of pure acid and salt solutions. 
As the two last  terms in  (10)  are only a  correction of Y (we shah 
later,  see page  554,  name this  correction  kH)  save  in  the vicinity 
of isoelectric reaction,  where  egg  albumin  has  its  minimal  charge 
and  therefore presumably  the  influence of its activity is at its low- 
est,  we  shall  hardly be  very far wrong in  this. 
Of the following sections, the first, A, deals with the determination 
of fH, fBH  +, fs,  and ks for NI-I4CI.  The second, B,  gives the experi- 
mental results for the capacity of egg albumin to combine with acids 
(and bases)  in ammonium chloride and potassium chloride solutions. 
The third, C, contains (1) a  brief theoretical survey, (2) a summary of 
the experimental results, (3)  a determination of isoelectrlc reaction (or 
isoionic reaction, as we should prefer, for special  reasons, to call the 
hydrogen ion activity at which ~H is  0,  see pages  566  and 567)  ac- 
companied by a  comparison with the value previously found at  this 
laboratory in ammonium sulphate solutions, and (4)  a  calculation of 
the  capacity to  combine with  acids  from  the  ideas  developed in  a 
previous paper by one of the present writers, which permit a  rough 
quantitative estimate of the variation of the ionisation with the salt 
concentration, attributing certain simple qualities to the egg albumin. 
A.  Determination Of  fH, with fsn  ÷,  fs, and ks/or Ammonium Chloride 
Solutions. 
1.  Determination of fri. 
fri was measured in  the following manner. 
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chloride, and of hydrochloric acid,  the concentration being very ex- 
actly known.  For each ammonium chloride concentration of which 
f~ was  to  be  found 4  to  8  solutions were prepared  from the  stock 
solution,  to  this  concentration  of  ammonium  chloride,  and  with 
varying hydrochloric acid  concentrations,  as  a  rule  from 0.0005  to 
0.002  N.  The hydrogen ion activity was measured, the formula, 
E  --  0.3357 
paa  -  0.0577  +  0.0002  (T --  18°)  ., 1~  (12) 
where E  is  the  potential  of the  hydrogen electrode relative  to  the 
0.1  N potassium  chloride-calomel electrode,  serving as  the  basis  of 
the calculation.  No account was taken of the liquid junction poten- 
tial,  which must  be  presumed to  be  very slight,  as  the  velocity of 
migration  for  the  ammonium, potassium,  and  chlorine ions is  very 
nearly alike  even at  higher concentration. 
From  these measurements, fa  was  given  graphically,  with  aa  as 
abscissa,  cHc~ as  ordinate.  Since cac~ was,  in  all  our  experiments, 
small in comparison with the ammonium chloride concentration, the 
curve thus produced will be a  straight line, the direction tangent of 
which is/a: 
a.  --/a  •  c.~  '"  (13) 
The hydrolysis of the  ammonium chloride was  of no importance 
in  any of these experiments.  (For details of the determination see 
S.  P.  L.  S~rensen.  1) 
It should perhaps be pointed out that fH is the so called "apparent" 
activity coeflicienW for the hydrogen ion,  and that aH is the activity 
of the non-hydrated hydrogen ion. 
The results are shown in Table I  and Fig.  1.  In Fig.  1,  the con- 
centration of ammonium chloride is the ordinate, and f~ the abscissa. 
The  salt  concentration varies from 0.029  to  4.444  N. 
15 S~rensen, S. P. L.,  and Linderstr~m-Lang, K., Compt. rend.  tray. Lab. Carls- 
berg, 1924, xv, No. 6. 
~6 It should be pointed out that this graph method eliminates errors due to the 
fact that ammonium chloride used does not contain NH3 and HC1 in quite equiv- 
alent amounts (cf. S. P. L. SCrensenl).  This error is, however, as a  rule slight 
compared with the experimental. 
x~ Bjerrum, N., Medd. Kungl.  Vetensk. Nobelinst., 1919, v, No. 16. S~P,.ENSEN~  LINDERSTR~M-LANG,  AND  LUND 
TABLE  I. 
Determinations off  H. 
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NH,CI, No  .......... 
SyFmbol on cm'rve~} 
ig.  1 
C~4~ 
0.010 
0.020 
0.029 
0.040 
0.049 
0.050 
0.098 
O. 100 
0.137 
0.161 
0,197 
0.200 
0.401 
0.500 
0.590 
0.802 
0.912 
0.985 
1.000 
1.824 
1.970 
2.000 
2.738 
2.956 
0.839 
1.152 
1.602 
II 
0.795 
0.800 
0.776 
0.813 
0.815 
1.091 
11497 
III 
0.751 
0.734 
0.813 
1.095 
1.375 
IV 
+ 
0.846 
1.094 
1.489 
0.830 
0.821 
0.801 
0.795 
0.804 
0.865 
0.917 
1.179 
M  From cm',~. 
0.940 
0.900 
0.848 
0.811 
0.792 
0.811 
0.894 
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TABLE  I--Concluded. 
~'H4Cl, No  .... 
3ymbol  on  curve,' 
Fig.  1 ............ 
3.000 
3.490 
3.650 
3.950 
4.000 
4.444 
2.106 
2.345 
II 
ect. 
III 
2.004 
IV 
+ 
2.068 
i  M 
I-- 
[  1.880 
l 
From curve. 
1.583 
2.175 
The experiments with ammonium chloride marked I,  II,  III, and 
IV were carried out in  1917-18  with Hasselbalch's shaking electrode 
at ordinary indoor temperature, correction being made for the tem- 
perature by means of the term 0.0002. (T-18 °)  in  (14)  but not for 
barometric  height.  The  experiments  with  ammonium  chloride, 
M,  were  carried out  in  1922  with  the ordinary hydrogen electrode 
(hydrogen passed  through)  placed  in  a  water  thermostat  at  18°4  - 
0.02 °  ,  correction being made for the difference in barometric height 
from  760  ram.  The  last  mentioned  experiments  must,  therefore, 
be regarded as the most accurate, and the curve, Fig.  1, is therefore 
drawn  mainly on  the  basis  of  these.  The  last  column in  Table  I 
gives  the fH values  graphically  found  from  the  curve.  The  error 
here must be estimated at  1 to 2 per cent. 
2.  Values of fBH+, fB, and k~ for Ammonium Chloride and Ammonia. 
At  18 °  ,  in  dilute  aqueous  solution,  the  dissociation  constant  of 
ammonium hydroxide is  1.75.10 -~,  i.e. 
1.75  •  10  -i 
c~a~"  =  k~  •  c~  •  c,,  (14) 
as 
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whence 
cma, =  0.41 • 10  4  • c~_....~.  (15) 
CH 
c~m, indicates the total concentration of ammonia (whether hydrated 
or  not)  in  the  solution.  At  higher  salt  concentration  (concentra- 
t 
S 
~5 
o~ 
0 
° 
J 
÷ 
FIG  1. 
2  2.5 
tion  of ammonium chloride)  the  concentrations in  (15)  must  be  re- 
placed by activities. 
a~.  --  0.41  •  10 -s  .  ~a~s+  (15) 
tJH 552  IONISATION  OF  :EGG  ALBUMIN 
or 
em~  =  0.41  •  10  -°  .  Is,*  .  __c~g*et  (17) 
fh'~s  a~ 
the hydrogen ion activity being assumed to be so high  that  the con- 
centration  of  ammonium  ions  is  practically  equal  to  that  of  the 
ammonium  chloride.  On  comparing  with  (7)  we  see  that  kB  = 
0.41.10 -9 when  CBHS  =  CN'H,C1  =  CBH  +  =  CNH:,  f~I¢  --  fNH,  +,  and fB  = 
fNI~  • 
fret,* we will  take  as equal to the activity coefficient of the potas- 
sium ion given in  Table II after H.  S. Harned  TM at  the  salt  concen- 
trations we shall have to deal with in the following.  The error here in- 
TABLE  II. 
6NEt/el  fSa~+ "  fK+ 
0.05  0.80 
0.2  0.70 
1.0  0.58 
3.0  0.56 
volved is doubtless very slight, owing to the great similarity between 
the ammonium  ion and  the potassium ion.  Moreover, in the deter- 
mination  of/3H after  (10), tim: enters in  as a  correction term, slight 
in  the  first place as  compared with  the  quantity of acid  added  (Y) 
and further,  but unexactly determined in itself, since we have to dis- 
regard  the  activity influence  of the  egg albumin.  We have,  there- 
fore,  considered  it  unnecessary  to  devote  more  attention  to  this 
point. 
fmi, can  be found  from  the  ammonia  tension  of solutions of am- 
monia  and  ammonium  chloride: 9-21  This  vapour  tension  is  now, 
practically  speaking,  independent  of  the  ammonium  chloride  con- 
is Hamed, H. S., J. Am. Chem. Soc., 1920, xlii, 1808. 
~9 Gaus, W., Z. anorg. Chem., 1900, xxv, 236. 
2o Abegg, R., and Riesenfeld, H., Z. physik. Chem., 1902, xl, 84. 
21 Riesenfeld, H., Z. physik. Chem., 1903, xlv, 461. S~RENSEN,  LINDERSTR~-LANG,  AND LUND  553 
centration,  so  that  we  can  take fNm as  =  1 at  all  concentrations. 
We thus obtain,  from (17) 
cm~ =  0.41" 10 -9"f~+. cNy_~,ct  (18) 
4  a H 
As regards the activity coefficient of the hydrogen ion in the potas- 
sium  chloride-ammonium  chloride  solutions  later  used  (page  563) 
(c =  0.006-0.0206)  we have  employed the  same  values as  found in 
the previous section for pure ammonium chloride solutions. 
B.  Experiments with the Capacity of Egg Albumin to Combine with 
Acids and Bases. 
1.  Egg Albumin, Ammonium Chloride, and Hydrochloric Acid. 
(a)  Method.--The  experiments were carried out as  follows: 
A portion of egg albumin six times recrystalllsed from ammonium 
sulphate  solution was  dissolved in  water and  dialysed with the ad- 
dition of small quantities of ammonia until all sulphate ion had dis- 
appeared.  Mter dialysis, the quantity of ammonia was determined 
and the  quantity of protein nitrogen in  the dialysed solution ascer- 
tained  (see S.  P.  L.  S~rensen,  Studies on proteins~2).  The amount 
of hydrochloric acid required to neutralise the ammonium was then 
added.  The  solution  thus  prepared  was  used  as  a  stock  solution. 
Stock  solutions  of ammonium chloride and  hydrochloric acid  were 
also  prepared,  and  in  preparing  a  desired egg albumin-ammonium- 
chloride-hydrochloric acid solution,  the fixed quantities of the three 
stock solutions were weighed in a  50 cc. measuring flask, which was 
then filled up to 50 cc.  The hydrogen ion activity was measured by 
Hasselbalch's  shaking  electrode in  the  same way as with  measure- 
ment  of fi~  (page  550)  the liquid  junction potential being here dis- 
regarded.  As  a  rule,  the  determinations  were  made  in  triplicate, 
and all results showing more than 0.02 pai~ discrepancy between the 
three have been discarded. 
(b)  The  Concentrations  and  Egg  Albumin  Samples  Used.--Two 
different egg albumin samples were employed, viz. D.  3E.  14 and D. 
iE.  17B,  both  treated  in  the  same  way.  cN was  varied  from 0.05 
22 S~rensen, S. P. L.,et al., Compt. rend. tray. Lab. Carlsberg, 1917, xii, 24, 48, 120. 554  IONISATION  OF  EGG  ALBUM'IN 
to 0.39, Y  from -30.10 -~ to  140.10-*, and CSH,C~ from 0.05  N to 3 N. 
(c)  Terms  Employed.-- 
cm~,c~: gm.-equivalents of NH,  C1 per litre protein solution. 
Y: gm.-equivalents of acid or base. 
ca: gm.-equivalents of prote;n nitrogen. 
kH: -aH/f•  +  CNH,cl " 0.41 " 10  -9 " fm~'~/aH the correction noted on page 547 (see 
(10) and (18)). 
~H: Y + kH, the equivalents of hydrogen ions combined*with the egg albumin per 
litre. 
~: 3__~H number of hydrogen ions combined (or given off) per gm.-equivalent  pro- 
CN 
tein nitrogen. 
~: fla number of combined hydrogen ions per gm.-molecule egg albumin, (molecular 
CA 
weight of egg albumin 35,000), CA is the molar concentration of egg albumin; an 
egg albumin molecule contains 357 nitrogen atoms,  c~  =  357 ca  (see page 589). 
(d)  Observations  on  the  Surplus  of HCl  or  NH.~  in  the  Ammonium 
Chloride.--If  the  ammonium chloride used for  the  experiments  does 
not  contain  equivalent  quantities  of  acid  and  base,  this  must  be 
taken  into  consideration in  determination  of  Y,  which  cannot  then 
be taken as equal to the added quantity of acid or base.  The error 
involved  by disregarding  this  possibility is,  however,  as  mentioned 
(page  548,  Foot-note 16),  slight in  comparison with  the  experimen- 
tal error  in determination of hydrogen ion activity.  Only in a  single 
instance have we, for reasons which will be mentioned in  the  section 
dealing with  isoionic reaction of  egg albumin  (page 585), considered 
it  necessary to  recalculate  Y  from  the  assumption that the ammon- 
ium chloride contained a  surplus of base.  This was in the experiment 
with D.  A~.  14,  Tables  V  and  Va,  where  the  former table  contains 
the  uncorrected values,  the latter the corrected  figures.  (See pages 
557  and  558.) 
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TABLE  III. 
D.~E.  14 in NH, C1. 
cs.~,ct  =  0.0500.  fa =  0.85 
cN  F. 10'  ~  kH. 10'  ,aw 10'  ~. 10t  ~" 
0.3896 
0.3927 
0.3899 
0.3926 
0.3901 
0.3898 
0.3930 
0.3902 
0.1299 
0.1292 
0.1299 
0.1292 
0.1303 
0.1291 
0.1302 
0.1292 
0.1291 
0.0525 
0.0523 
0.0520 
0.0525 
0.0509 
0.0525 
0.0513 
0.0527 
0.0525 
80.59 
68.23 
56.78 
41.14 
27.94 
11.84 
0.00 
--27.98 
27.58 
23.76 
19.82 
15.79 
11.82 
7.92 
3.95 
0.00 
--6.38 
11.45 
10.86 
9.08 
7.90 
5.94 
3.97 
1.98 
0.00 
--3.20 
4.131 
4.240 
4.343 
4.471 
4.607 
4.776 
4.873 
5.208 
4,129 
4.22t 
4.318 
4.437 
4.524 
4.650 
4.761 
4.893 
5.101 
4.134 
4.180 
4.262 
4.323 
4.406 
4.577 
4.698 
4.879 
5.170 
-0.87 
--0.68 
--0.54 
-0.40 
-0.29 
-0.20 
-0.16 
-0.07 
--0.88 
--0.71 
-0.57 
-0.43 
--0.35 
-0.26 
-0.20 
--0.15 
--0.09 
-0.87 
-0.78 
-0.65 
-0.56 
-0.46 
-0,31 
-0.24 
-0.16 
-0.08 
79.72 
67.55 
56.24 
40.74 
27.65 
11.64 
--'0.16 
--28.05 
26.70 
23.05 
19.25 
15.36 
11.47 
7.66 
3.75 
--0.15 
--6.47 
10.58 
10.08 
8.43 
7.34 
5.48 
3.66 
1.74 
--0.16 
--3.28 
20.46 
17.20 
14.42 
10.38 
7.09 
2.99 
--0.04 
-7.19 
20.55 
17.84 
14.82 
11.89 
8.80 
5.93 
2.88 
--0.11 
--5.01 
20.15 
19.27 
16.21 
13.98 
10.77 
6.97 
3.39 
--0.30 
--6.25 
7.30 
6.14 
5.15 
3.70 
2.53 
1.07 
--0.01 
--2.57 
7.33 
6.37 
5.29 
4.24 
3.14 
2.12 
1.03 
--0.04 
--I.79 
7.19 
6.88 
5.79 
4.99 
3.84 
2.49 
1.21 
--0.11 
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TABLE  IV. 
DJE.  14 in NH4CI. 
ct¢~4cl  =  0.200. JH "  0.79 
¢N  Y.101  p¢~  kH.104  B~-10~  "~.10  a 
0.3900 
0.3910 
0.3929 
0.3943 
0.3930 
0.3930 
0.3943 
0.3930 
0.3945 
0.3931 
0.1316 
0,1306 
0.1315 
0.1316 
0.1315 
0.1316 
0.1316 
0.1316 
0.0525 
0.0529 
0.0528 
0.0522 
0.0530 
0.0529 
0.0522 
0.0522 
0.0522 
100.48 
96.40 
92.98 
80.69 
70.17 
55.78 
39.86 
20.09 
0.00 
--20.01 
35.75 
29.76 
23.78 
15.90 
7.95 
3.93 
0.00 
-6.40 
15.75 
13.79 
11.84 
9.92 
7.90 
3.95 
1.99 
0.00 
--3.16 
4.050 
4.139 
4.173 
4.241 
4.325 
4.436 
4.558 
4.711 
4. 890 
5.094 
4.099 
4.210 
4.347 
4.524 
4.701 
4.808 
4.919 
5.107 
4.076 
4.171 
4.256 
4.351 
4.454 
4.669 
4.795 
4.923 
5.184 
--1.12 
--0.91 
--0.84 
-0.72 
--0.59 
--0.44 
--0.33 
--0.22 
--0.12 
--0.04 
--1.00 
--0.77 
--0.56 
--0.36 
--0.22 
--'0.17 
--0.10 
--0.03 
--1.05 
--0.84 
--0.70 
--0.55 
--0.43 
--0.24 
--0.17 
--0.10 
--0.00 
99.36 
95.49 
92.14 
79.97 
69.58 
55.34 
39.53 
19.87 
--0.12 
--20.05 
34.75 
28.99 
23.22 
15.54 
7.73 
3.76 
--0.10 
--6.43 
14.70 
12.95 
11.14 
9.37 
7.47 
3.71 
1.82 
--0.10 
--3.16 
25.48 
24.42 
23.45 
20.28 
17.70 
14.08 
10.03 
5.06 
--0.03 
--5.10 
26.41 
22.19 
17.66 
11.81 
5.88 
2.86 
--0.08 
--4.89 
28.00 
24.48 
21.11 
17.95 
14.09 
7.01 
3.49 
--0.20 
--6.05 
9.09 
8.72 
8.37 
7.24 
6.32 
5.03 
3.58 
1.81 
--0.01 
--1.82 
9.43 
7.92 
6.30 
4.21 
2.10 
1.02 
--0.03 
--1.75 
9.99 
8.74 
7.54 
6.41 
5.03 
2.50 
1.25 
--0.07 
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TABLE V. 
D..,E.  14 in NI-I4CL 
cam4c  x =  0;990.  fj~  =  0.89 
c.~  F.104  pan"  kH'I0*  ~  "10  4  :H'I(P 
0.3902 
0.3909 
0.3906 
0.3911 
0.3905 
0.3909 
0.3909 
0.3907 
0.3905 
0.3910 
0.3910 
0.3906 
O. 1300 
O. 1322 
O. 1301 
0.1321 
O. 1322 
O. 1300 
O. 1301 
O. 1321 
0.1321 
O. 1322 
O. 1300 
0.0525 
0.0510 
0.0529 
0.0511 
0.0521 
0.0520 
0.0522 
0.0511 
0.0523 
0.0506 
0.0515 
116.17 
115.97 
105.30 
95.32 
84.31 
68.51 
51.40 
39.65 
31.31 
16.03 
0.00 
--'33.94 
4.140 
4.158 
4.223 
4.284 
4 -353 
4.445 
4.562 
4.635 
4.699 
4.803 
4.921 
5.265 
-0.78 
-0.75 
-0.63 
-0.56 
-0.45 
-0.34 
-0.23 
-0.16 
-0.10 
--0.03 
+0.06 
+0.36 
115.39 
115.22 
104.67 
94.76 
83.86 
68.17 
51.17 
39.49 
31.21 
16.09 
0.06 
--33.58 
29.57 
29.48 
26.80 
24.23 
21.48 
17.44 
13.09 
10.11 
7.99 
4.09 
0.02 
-8.60 
41.62 
39.81 
33.78 
27.74 
19.99 
13.89 
11.91 
8.03 
4.01 
0.09 
--5.27 
19.87 
17.82 
15.79 
13.80 
11.90 
7.96 
3.96 
1.99 
0.00 
--2.39 
--3.28 
4.111 
4.159 
4.249 
4.371 
4.517 
4.607 
4.661 
4.765 
4.843 
4.948 
5.073 
4.010 
4.081 
4.188 
4.251 
4.341 
4.503 
4.709 
4.827 
4.946 
5.081 
5.135 
-0.84 
--0.75 
-0.59 
--0.43 
--0.26 
--0.19 
--0.14 
--0.05 
0.09 
+0.07 
+0.17 
--1.10 
--0.93 
--0.69 
--0.59 
--0.46 
--0.28 
--0.10 
--0.01 
+0.07 
+0.19 
+0.23 
40.78  31.37 
39.06  29.55 
33.19  25.51 
27.31  20.67 
19.73  14.92 
13.70  10.54 
11.77  9.05 
7.98  6.04 
4.01  3.04 
0.07  0.05 
--5.10  --3.92 
18.77  35.75 
16.89  33.12 
15.10  28.54 
13.21  25.85 
11.44  21.96 
7.68  14.77 
3.86  7.39 
1.98  3.87 
0.07  0.13 
--2.20  --4.35 
--3.05  --5.92 
10.~ 
10.52 
9.56 
8.65 
7.67 
6.22 
4.67 
3.61 
2.85 
1.46 
0.01 
--3.07 
11.20 
10.55 
9.10 
7.38 
5.32 
3.76 
3.23 
2.16 
1.08 
0.02 
--1.40 
12.75 
11.80 
10.19 
9.23 
7.84 
5.27 
2.64 
1.38 
0.05 
-1.55 
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TABLE  Va. 
D.FE.  14 in NtLtCI. 
cI,,~H4Cl =  0.990.  flI  =  0.89 
Corrected for surplus  base in the ammonium  chloride solution,  1.00-10  -4 equivalents  of base  per equivalent 
of ammonium  chloride. 
cN 
0.39 
0.13 
0.05 
Y.10' 
corrected. 
115.17 
114.97 
104.30 
94.32 
83.31 
67.51 
50.40 
38.65 
30.31 
15.03 
--1.00 
--34.94 
Pan 
4.140 
4.158 
4.223 
4.284 
4.353 
4.445 
4.562 
4.635 
4.699 
4.803 
4.921 
5.265 
~r°lO  ' 
114.39 
114.22 
103.67 
93.76 
82.86 
67.17 
50.17 
38.49 
30.21 
15.00 
--0,.94 
--34.58 
~-1o, 
29.31 
29.22 
26.54 
23.97 
21.22 
17.18 
12.83 
9.85 
7.73 
3.83 
-0.24 
--8.86 
40.62  4.111 
38.81  4.159 
32.78  4.249 
26.74  4.371 
18.99  4.517 
12.89  4.607 
10.91  4.661 
7.03  4.765 
3.01  4.843 
-- 1.00  4.948 
--6.27  5.073 
18.87  4.010 
16.82  4.081 
14.79  4.188 
12.80  4.251 
10.90  4.341 
6.96  4.503 
2.96  4.709 
0.99  4.827 
-1.00  4.946 
--3.39  5.081 
--4.28  5.135 
39.78 
38.06 
32.19 
26.31 
18.73 
12.70 
10.77 
6.98 
3.01 
--0.93 
--6.10 
17.77 
15.89 
14.10 
12.21 
10.44 
6.68 
2.86 
0.98 
--0.93 
--3.20 
--4.05 
30.61 
28.79 
24.75 
19.91 
14.16 
9.78 
8.29 
5.28 
2.28 
--0.71 
--4.68 
33.85 
31.16 
26.65 
23.89 
20.04 
12.85 
5.48 
1.92 
-1.78 
-6.32 
-7.86 
10.46 
10.43 
9.47 
8.56 
7.58 
6.13 
4.58 
3.52 
2.76 
1.37 
-0.08 
-3.16 
10.92 
10.28 
8.83 
7.11 
5.05 
3.49 
2.96 
1.89 
0.81 
--0.29 
--1.67 
12.08 
11.12 
9.51 
8.53 
7.15 
4.59 
1.96 
0.69 
--0.64 
--2.26 
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TABLE VI. 
D.,,E.  14 in NH4C1. 
CN~4C  l =  2.96.  In  ~  1.58 
~N 
0.3887 
0.3893 
0.3885 
0.3891 
0.3890 
0.3891 
0.3885 
0.3891 
0.3858 
0.1313 
0.1287 
0.1312 
0.1287 
0.1287 
0.1305 
0.1313 
0,1304 
0.1287 
0.1305 
0.1312 
0.0527 
0.0527 
0.0524 
0.0525 
0.0527 
0.0527 
0.0525 
0.0510 
0.0525 
0.0525 
0.0504 
Y*10  t 
135.74 
119.49 
101.00 
80.37 
59.82 
40.68 
19.69 
0.00 
-27.77 
42.30 
39.63 
35.53 
33.73 
27.74 
19.89 
14.21 
7.99 
3.98 
0.00 
--5.96 
17.84 
15.86 
11.78 
8.92 
7.97 
4.00 
2.08 
0.83 
0.00 
--1.58 
--3.20 
pax 
4.066 
4.165 
4.276 
4.386 
4,511 
4.628 
4.771 
4.909 
5,149 
4,114 
4.159 
4.247 
4.257 
4.385 
4.529 
4.617 
4.761 
4.818 
4,913 
5.052 
4.129 
4.209 
4.369 
4.486 
4.529 
4.691 
4.787 
4.854 
4.886 
4.994 
5.086 
kH-lO  ! 
--0.43 
--0.33 
--0.21 
--0.06 
+0.02 
+0.13 
+0.27 
+0.45 
+0.89 
-0.40 
-0.35 
-0.23 
-0.23 
-0.10 
+0.05 
+0.12 
+0.26 
+0.37 
+0.44 
+0.68 
--0.38 
--0.30 
--0.11 
0.00 
+0.05 
+0.19 
+0.31 
+0.38 
+0.42 
+0.6O 
+o.75 
.104 
135.41 
119.16 
100.79 
80.31 
59.84 
40.81 
19.96 
0.45 
--26.88 
41.90 
39.28 
35.30 
33.50 
27.64 
19.94 
14.33 
8.25 
4.35 
0.44 
--5.28 
17.46 
15.56 
11.67 
8.92 
8.02 
4.19 
2.39 
1.21 
0.42 
--0.98 
--2.45 
34.81 
30.61 
25.94 
20.64 
15.38 
10.49 
5.14 
0.12 
--6.97 
31.91 
30.52 
26.91 
26.03 
21.48 
15.28 
10.91 
6.33 
3.38 
0.34 
--4.02 
33.13 
29.53 
22.27 
16.99 
15.22 
7.95 
4.55 
2.37 
0.80 
--1.87 
--4.86 
12.42 
10.92 
9.26 
7.37 
5.49 
3.74 
1.83 
0.04 
--2.49 
11.39 
10.~ 
9.6O 
9.29 
7.67 
5.45 
3.89 
2.26 
1.21 
0.12 
--1.~ 
11.82 
10.54 
7.95 
6.06 
5.43 
2.84 
1.62 
0.85 
0.29 
--0.67 
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TABLE  VII. 
D.3E.  17B in NH4CI. 
¢~ra,m  ~  0.200.  flx  ~  0.79 
GN 
0.3829 
0.3829 
0.3830 
0.3807 
0.3804 
0.3803 
0.3804 
0.3811 
Y.104 
99.88 
88.14 
72.49 
61.22 
39.98 
19.93 
0.00 
-  20.10 
paH 
4.084 
4.162 
4.281 
4.368 
4.528 
4.694 
4.870 
5.078 
kH'IO' 
--1.03 
--0.86 
--0.65 
--0.53 
--0.36 
--0.23 
--0.13 
--0.04 
.lo4 
98.85 
87.28 
71.84 
60.69 
39.62 
19.70 
--0.13 
--20.14 
25.82 
22.79 
18.76 
15.94 
10.42 
5.18 
--0.03 
--5.28 
0.1291 
0.1268 
0.1289 
0.1289 
0.1267 
0.1288 
0.1290 
0.1295 
0.1269 
0.0510 
0.0509 
0.0511 
0.0506 
0.0507 
0.0510 
0.0508 
0.0508 
31.98 
27.86 
24.02 
15.99 
11.88 
8.12 
4.06 
0.00 
--6.41 
14.01 
12.02 
10.00 
8.12 
4.07 
1.93 
0.00 
--3.23 
4.132 
4.209 
4.316 
4.468 
4.567 
4.661 
4.761 
4.879 
5.051 
4.111 
4.204 
4.302 
4.414 
4.633 
4.749 
4.902 
5.141 
--0.92 
--0.77 
--0.60 
--0.41 
--0.32 
--0.25 
--0.19 
--0.13 
--0.04 
--0.97 
--0.78 
--0.62 
--0.47 
--0.26 
--0.20 
--0.12 
--0.01 
31.06  24.06 
27.09  21.36 
23.42  18.17 
15.58  12.09 
11.56  9.12 
7.87  6.11 
3.87  3.00 
--0.13  --0.10 
-6.45  -5.08 
13.04  25.57 
11.24  22.08 
9.38  18.36 
7.65  15.12 
3.81  7.51 
1.73  3.39 
--0.12  --0.21 
--3.24  --6.38 
9.22 
8.13 
6.70 
5.69 
3.72 
1.85 
--0.01 
--1.85 
8.59 
7.62 
6.48 
4.31 
3.25 
2.18 
1.07 
--0.04 
--1.81 
9.12 
7.88 
6.55 
5.40 
2.68 
1.21 
--0.07 
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TABLE  VIII. 
D.tE. 17B in NH4CI. 
csm  o = 0.99o. Jx = 0.89 
¢s  F'10,  ~  kH.104  #~.10,  ~. t0,  fs 
0.3848 
0.3869 
0.3850 
0.3868 
0.3868 
0.3868 
0.3849 
0.3876 
0.1267 
0.1272 
0.1271 
0.1278 
0.I270 
0.1299 
0.1297 
0.1289 
0.1301 
0.0517 
0.0516 
0.0517 
0.0516 
0.0514 
0.0515 
0.0511 
I18.77 
101.24 
79.03 
60.50 
39.43 
19.21 
0.00 
--20.00 
40.05 
33.94 
27.94 
20.12 
14.09 
7.96 
3.94 
0.00 
-5.94 
16.98 
14.40 
11.78 
7.88 
3.94 
0.00 
--3.22 
4.096 
4.199 
4.341 
4.457 
4.597 
4.753 
4.896 
5.075 
4.090 
4.196 
4.305 
4.480 
4.568 
4.716 
4.803 
4.880 
5.044 
4.098 
4.202 
4.310 
4.491 
4.678 
4.888 
5.077 
-0.87 
-0.67 
-0.47 
-0.33 
-0.19 
-0.07 
+0.03 
+0.18 
-0.88 
-0.68 
-0.51 
-0.30 
-0.22 
-0.09 
-0.03 
+0.02 
+0.15 
-0.87 
-0.67 
-0.50 
-0.28 
--0.13 
+0.03 
+0.19 
117.90 
100.57 
78.56 
60.17 
39.24 
19.14 
0.03 
-- 19.82 
39.17 
33.26 
27.43 
19.82 
13.87 
7.87 
3.91 
0.02 
--5.79 
16.II 
13.73 
II  .28 
7.60 
3.81 
0.03 
--3.03 
30.64 
26.01 
20.41 
15.56 
10.15 
4.95 
0.01 
--5.11 
30.91 
26.15 
21.59 
15.52 
10.93 
6.07 
3.02 
0.02 
--4.44 
31.16 
26.61 
21.82 
14.73 
7.41 
0.06 
--5.93 
I0.94 
9.28 
7.28 
5.55 
3.62 
1.77 
0.00 
--1.82 
11.03 
9.33 
7.71 
5.54 
3.90 
2.17 
1.08 
0.01 
--1.58 
11.12 
9.50 
7.79 
5.26 
2.64 
0.02 
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TABLE  IX. 
D.2E.  17B in NH4C1. 
c~m  ~  =  2.96.  fH =  1.58 
c  N  Y'I0~  Poa  kH'104  ~  "104  H-103 
0.3812 
0.3807 
0.3807 
0.3868 
0.3869 
0.3865 
0.3865 
0.3807 
0.1266 
0.1277 
0.1281 
0.1250 
0.1278 
0.1284 
0.1282 
0.1287 
0.1266 
0.0506 
0.0506 
0.0514 
0.0514 
0.0513 
0.0506 
0.0514 
0.0507 
120.00 
99.88 
80.29 
60.66 
40.78 
20.03 
0.00 
--26.06 
40.12 
34.11 
28.75 
20.30 
14.15 
8.13 
4~04 
0.00 
--6.13 
17.40 
14.59 
12.12 
8.07 
3.96 
2.03 
0.00 
--3.23 
4.147 
4.260 
4.373 
4.483 
4.587 
4.747 
4.897 
5.118 
4.146 
4.255 
4.345 
4.492 
4.597 
4.712 
4.794 
4.900 
5.035 
4.133 
4.240 
4.338 
4.509 
4.689 
4.746 
4.881 
5.046 
--0.36 
--0.23 
--0.10 
--0.01 
+0.10 
+0.26 
+0.44 
+0.82 
--0.36 
--0.23 
--0.13 
0.00 
+0.10 
+0.22 
+0.31 
+0.44 
+0.66 
-0.36 
-0.25 
-0.14 
+0.02 
+0.19 
+0.26 
+0.42 
+0.67 
119.64 
99.65 
80.19 
60.65 
40.88 
20.29 
0.44 
--25.24 
39.76 
33.88 
28.62 
20.30 
14.25 
8.35 
4.35 
0.44 
-5.47 
17.04 
14.34 
11.98 
8.09 
4.15 
2.29 
0.42 
-2.56 
31.39 
26.18 
21.06 
15.68 
10.57 
5.25 
0.11 
-6.63 
31.41 
26.53 
22.34 
15.86 
11.15 
6.50 
3.38 
0.34 
-4.32 
33.68 
28.34 
23.31 
15.74 
8.09 
4.53 
0.82 
-5.05 
11.20 
9.34 
7.52 
5.60 
3.77 
1.87 
0.04 
-2.37 
11.21 
9.47 
7.97 
5.66 
3.98 
2.32 
1.21 
0.12 
-1.54 
12.02 
10.11 
8.32 
5.62 
2.89 
1.62 
0.29 
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2.  Egg Albumin, Potassium Chloride, and Hydrochloric Acid. 
The experiments were made in a  manner similar to that previously 
employed,  save  that  the  hydrogen  ion  activity  was  determined  at 
18  °  4-  0.02 ° by means of the  quinhydrone  electrode  .8 and  correction 
made for the salt error and egg albumin error. 2.  pall was calculated 
from  the  formula: 
0.3691  --  EKin 
pax  =  0.0577  -I-  Q  (19) 
where EKi  n is  the potential  difference between the quinhydrone elec- 
trode  and  the 0.1  potassium  chloride-calomel  electrode.  The  liquid 
junction  potential  was  disregarded.  Q  is  the  correction  for  egg 
albumin  and salt  error. 
Only one egg albumin sample was used, D./E. 23, which was treated 
in  the  same  way  as  before.  As  these  determinations  were  solely 
designed  to ascertain  the variation  of H  with the acid concentration 
and  salt  concentration,  not  to  finding  its  absolute  value,  the  am- 
monia  content  was but  roughly estimated.  In  the  solutions of egg 
albumin,  potassium  chloride,  and  hydrochloric  acid  made  ready  for 
measurements,  the  concentration  of  ammonium  chloride  was  only 
0.006 N and  Y was so corrected as to make the point of intersection 
between the ionisation  curves answering  to different potassium chlo- 
ride  concentrations  (H,  pall  curves,  see  Fig.  5)  coincide  with  the 
corresponding  point  of  intersection  for  the  ammonium  chloride 
experiments. 
CN was kept  constant  at  0.210,  while  the  potassium  chloride  con- 
centration  varied  from  0  to  0.2.  The  total  salt  concentration  thus 
varied  from  0.006  to  0.206.  /SH  was  determined  after  (11).  The 
results  are  given  in  Table  X. 
3.  Egg Albumin, Ammonium Sulphate,  and Sulphuric Acid. 
We shall later on  (page 583)  have occasion to compare our experi- 
ments  with  the  previous  ones  by  S.  P. L.  S~rensen and  his  collab- 
orators.  We therefore give in Table XI  some  of  the  values  found 
28 Biilmann, E., Ann. chim., 1921, xv, 109. 
24Linderstr~m-Lang, K.,  Compt. rend. tray. Lab. Carlsberg, 1925, xvi, No.  3. 564  IONISATION  OF EGG  ALBUMIN 
TABLE  X. 
D.3E. 23 in NH4CI  +  KC1. 
¢  =  0.006.  fR  =  0.95 
0.210  48.2 
35.7 
23.2 
10.7 
--1.8 
3.853 
4.093 
4.333 
4.618 
4.951 
1.46 
0.85 
0.49 
0.25 
0.12 
46.74 
34.85 
22.71 
10.45 
--1.92 
22.26 
16.60 
10.81 
4.98 
--0.91 
7.94 
5.92 
3.86 
1.78 
--0.32 
c  =  0.056.  f~r  =  0.85 
0.210  47.5 
35.0 
22.5 
10.0 
--2.5 
4.095 
4.280 
4.479 
4.701 
4.953 
0.94 
0.62 
0.39 
0.24 
0.13 
46.56 
34.38 
22.11 
9.76 
--2.63 
22.17 
16.37 
10.53 
4.65 
--1.25 
7.91 
5.84 
3.76 
1.66 
--0.45 
c=0.106.  /H=0-81 
0.210  47.0 
34.5 
22.0 
9.5 
--3.0 
4.158 
4.331 
4.523 
4.725 
4.957 
0.86 
0.58 
0.37 
0.23 
0.14 
46.14 
33.92 
21.63 
9.27 
--3.14 
21.97 
16.15 
10.30 
4.41 
--1.49 
7.84 
5.76 
3.68 
1.57 
--0.53 
c  =  0.206.  fn" =  0.79 
0.210  47.0 
34.5 
22.0 
9.5 
--3.0 
4.229 
4.384 
4.563 
4.763 
4.949 
0.75 
0.56 
0.34 
0.22 
0.14 
46.25 
33.94 
21.66 
9.28 
--3.14 
22.02 
16.16 
10.31 
4.41 
--1.49 
7.86 
5.76 
3.68 
1.57 
--0.53 
for egg albumin-ammonium  sulphate-sulphuric  acid solutions.  25  pall 
is  calculated  from  the  PH values by means  of the  formula: 
pa.  =  p~  +  0.041  (20) 
(cf.  S.  P.  L.  S~rensen  and  K.  Linderstr~m-Lang 15)  the  meaning  of 
will  be  further  discussed  later  on,  c  is  the  concentration  of  am- 
monium sulphate. 
2~ See Studies on proteins, 22 pp. 126 and 127. S~RENSEN~  LINDERSTR~M-LANG~  AND  LUND  565 
TABLE  XI. 
Egg albumin in (NI-I4)2SO  4. 
c  =  0.059.  ~  =  0.089 
0.317 
O. 105 
4.034 
4.100 
4.190 
4.281 
4.387 
4.543 
4.722 
4.858 
4.047 
4.109 
4.191 
4.287 
4.379 
4.515 
4.710 
4.835 
26.0 
23.4 
20.6 
17.5 
13.9 
9.3 
3.5 
0.0 
25.3 
22.9 
20.5 
17.5 
13.8 
9.4 
3.5 
0.0 
9.28 
8.36 
7.35 
6.25 
4.97 
3.32 
1.25 
0.00 
9.03 
8.17 
7.32 
6.25 
4.93 
3.35 
1.25 
0.00 
C =  0.354.  ~  =  0.531 
0.320 
0.105 
4.146 
4.192 
4.251 
4.335 
4.448 
4.568 
4.738 
4.851 
4.143 
4.193 
4.263 
4.346 
4.421 
4.554 
4.746 
4.851 
25.2 
23.3 
21.2 
17.7 
13.8 
9.2 
3.5 
0.0 
25.8 
23.4 
20.8 
17.8 
14.1 
9.5 
3.6 
0.1 
8.99 
8.32 
7.53 
6.32 
4.93 
3.28 
1.25 
0.00 
9.21 
8.35 
7.42 
6.35 
5.03 
3.39 
1.28 
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C.  Theoretical Treatment  of the Experimental Material. 
1.  Brief Theoretical Survey. 
(a)  Mean  Valency  and  Specific  Hydrogen  Ionisation.--In  a  solu- 
tion containing an ampholyte, e.g. egg albumin, at the concentration 
c~  (the total number of particles into which the ampholyte enters) 
and the ions BH  +, S-, and H +, let the quantities of these ions com- 
bined or given off by the egg albumin be/3~n  ~, f~s-, and/~n.  As the 
ampholyte is  assumed to be  "in itself"  neutral,  not containing the 
ions BH  + and S-, it follows that/3~W and f~s- will be positive, answer- 
ing to the number of ions taken up, whereas/3H can be either positive 
or negative.  The mean valency ~ of the ampholyte is then defined 
by  the equation: 
-  ~  +  O~E÷ -  Os- 
r=  (21) 
CA 
This definition is easily seen to coincide with that previously given 
by one of the present writers  (K. Linderstrglm-Langl°). 
-  ~,  cr.r  ~--  cr.r 
r  ....  (22) 
Z  cr  CA 
where cr denotes the concentration of an r-valent particle into which 
the ampholyte enters  (and which can  contain both  BH  +,  S-,  and 
H+).  The summation must extend over all particles into which the 
ampholyte  enters. 
Similarly, we will now define the specific hydrogen ionisation  of the 
ampholyte, h, by the equation 
i, = ~-  (23) 
CA 
We see from these equations that h and ~ need not be of equal magni- 
tude.  Only when the ampholyte is not capable of combining with 
other ions  than  the  hydrogen ions is  this  the  case. 
(b)  Isoelectric  and  Isoioni6  Reaction.--It  is  the  specific hydrogen 
ionisation of the ampholyte, h, which is found  by determining  the 
capacity to combine with acids and bases (vide infra), and the value 
of pax at which h is 0, generally identified with isoelectric reaction, S~RENSEN,  LINDERSTR~M-LANG~ AND  LUND  567 
need not, therefore, answer to an "isoelectric state" of the ampholyte. 
We  will,  therefore,  define isoionic  reaction  as  the value of paN, pa  ° 
at which h is O, while isoelectric  reaction is the hydrogen ion activity 
at which ~ is O. 
It  can  now be  shown,  as  we  shall see  more  at length in  a  later 
publication, that if cBn  • and cs- are great in comparison  with cA then 
h  will be  0  at  the  same hydrogen ion activity, independently  of ca, 
z3fd72~ 
% 
6O 
20 
0 
°f  I  I  I  I 
40  4z  ~4  ~  ~8  s0  ~z 
Fro. 2. 
and all ionisation curves which at  the same CBHS but with different 
ca express the relation between ~N and pall must, therefore, intersect 
at the same point, viz.  where pan is equal to isoionic reaction, and 
~H/C.4  =  h  is 0.  This fact forms the basis for the experimental de- 
termination if isoionic reaction.  2e  Fig,  2  shows  graphically the  re- 
2e Cf. S. P. L. S~rensen, Studies on proteins,  22 p. 149. 568  IONISATION  01~ EGG  ALBUM-IN 
sults of a  series of experiments  from our material  (Table VIII).  ~,~ 
is  ordinate,  paE  abscissa.  The  three  curves answering  to  the  same 
ammonium  chloride  concentration  (0.99  N)  but  different  CN (or c~) 
intersect  at  about  the  same  point,  at  pall  4.90,  isoionic  reaction. 
This can, of course, also be determined directly from each individual 
ionisation curve answering to the respective cN (or c~) from the point 
of intersection  with the pa~ axis (h  =  0), but as mentioned on page 
554 it is possible that  the  salt  BHS, if B  be a  weak base,  may not 
contain  absolutely  equivalent  quantities  of  B  and  HS.  This  will 
not  affect  the  first  method  of determining  isoionic  reaction,  but  it 
will the last,  as pall will be found  too great  or too small,  according 
as the salt contains a  surplus of base or of acid not allowed for in the 
calculation of/~,.  On the other hand, comparison of the two methods 
will  afford information  as  to  any  surplus  of acid  or of base in  the 
added salt.  This comparison will be made later on, see page 585. 
We  shall  in  the  following,  in  theory,  be  dealing  for  all  essential 
purposes  only with  ampholytes,  incapable  of  combining  with  other 
ions than  the hydrogen ion,  so that  the isoionic and isoelectric reac- 
tions  will  coincide.  We have,  nevertheless,  thought  it  only consis- 
tent  to  make  the  distinction.  We  shall  later  have  occasion to  deal 
with  the problem  on  more general  lines. 
(c)  Qualities of Amphotytes  Combining Only with Hydrogen  Ions.-- 
a.  Alteration of Isoelectric Reaction with Salt Concentration. 
As  regards  the  alteration  of isoelectrlc  reaction  with  the  concen- 
tration  of salt  (see inter  alia  Michaelis37  Pauli  6)  the  general  treat- 
ment  is  rather  complicated.  We will here  content  ourselves with a 
simple instance. 
A simple ampholyte with 1 amino group and 1 carboxyl group which 
we will write  according  to Bjerrum  '8  as 'NH3+-R-COO  -  is  found 
in aqueous solution in the following forms: 
NH~-- R -- COO- 
NH~-- R -- COOH =  NFt~s -- R -- COO-+H  + 
NH2--R-- COO- =  NH~--R-- C00--- H  + 
s7 Michaelis, L.,  Die Wasserstoffionenkonzentration, Julius  Springer, Berlin, 
2nd edition, 1922, Tell I. 
2a Bjerrum, N., Z. physik. Chem., 1923, civ, 147. S~RENSEN)  LINDERSTR#M-LANG,  AND  LUND  569 
Cr  *  •  -'~  ao 
whence: 
If we now let the indices for activity a, activity coefficient  f, and con- 
centration c denote the charge of the ion or molecule to which these 
quantities refer, we obtain: 
SO 
ae;co  =~;valency0;cr  •  r  =  ce-  0  -~  0; 
kx  kl 
al ~  k,  •  ao •  a~; cl =  71  • a0  • a~; valency +  1; c~ • r =  cx • 1  fl  " so • a,a; 
k-l  k-t  a~ll 
a..t ffi k_x.  so.  a~'; c_, --/_-~ • ao.  a~'; valency-  1;c,.r = c_x. (-- 1)  =  --/---~. ae. 
•  ; 
kt  k_! 
=  (24) 
1  kl  k-1  _ 
h is here equal to ~.  (24) has been previously formulated on the basis 
of the  classical  dissociation  theory  by  L.  Michaelis  ~9  who  calls 
"die  Ladungsgrad."  This  term,  however,  seems  hardly  suitable, 
as the ampholyte is charged even when ~ is 0. 
Isoelectric reaction is obtained by taking ~ as  =  0 and solving the 
equation thus produced for aa.  We find: 
~  k-S,  /,  (25) 
Reckoning here according to  the  Debye-Hiickel theory  3°  which,  in 
the first approximation,  only considers the interaction between the 
ionic  charges then  a~  will  not  alter  with  the  concentration  of the 
ampholyte.  If the ampholyte solution also contains salt, of the con- 
centration ce, then a~ will not alter with c~. 
For we can  3°,31 write in  general 
lnfr  =  --  1.18  •  r ~ V/~  (18 °)  log f,  =  -  0.512  r 2 %/~"  (26) 
t(24a) 
29 Michaelis, L., Biochem. Z., 1920, ciii, 225. 
so Debye,  P., and I-Iiickel, E., Physlk. Z., 1923, xxiv,  185;  1924, xxv, 97. 
3x Br~nsted,  J. N., and La Mer, V. K., J. Am. Chem. Soc., 1924, xlvi, 555. 570  IONISATION  OF  EGO  ALBUM'IN 
where f, is the activity coefficient of any ion of the valency r, and t* 
is  determined  by 
~, =  ~  ~  c, e  (27) 
in  which  expression  c~ indicates  the  concentration  of  those  ions  in 
the  solution  of the  valency i,  and  the  summation  extends  over  all 
positive  and  negative  ions  in  the  solution. 
We therefore obtain  for our ampholyte: 
log/1  =  log f-1  ---  -- 0.512  ~  (28) 
which shows that fl  =  f-1 at all amph01yte and salt concentrations. 
If on the other hand fl and f_~ owing to specific interactions between  the 
ions  (cf.  J.  N.  Br•nsted 32)  vary  in  different  ways,  then  ~  will alter 
with  the  concentration. 
ft.  Influence of Salt Concentration on the Shape of the Ionisaion 
Curve. 
Let us assume that  the ampholyte is found in a  solution with the 
concentration  ca  (total  concentration)  and  that  there is also salt  in 
the  solution,  of the  concentration  cE,  which is large  compared with 
cA so that the quantities of base or acid which must be added in order 
to vary f  are so small that f~ and f-1 will not depend on them. 
If now we are on the acid side of isoelectric reaction, and if k~ and 
k-1 
k-t  are  of such a  nature  that  we can  disregard  the  term 7.  a~ ~ in 
/-1 
(24)  then f  will be determined by: 
kl 
4  o  ~1t  Yl 
=  (29) 
I  kL 
Solving this equation with regard to art we obtain 
a~  =  fo  •  k-----~  (3o) 
~  Br¢nsted, J. N., dr. Am. Chem. Soc., 1922, xliv, 877; 1923, xlv, 2898. S@RENSEN,  LINDERSTR@M'-LANG,  AND  LUND  571 
If on the alkaline side of isoelectric reaction, and disregarding the 
kl 
term f-~'aH  in (24), we obtain: 
=  f-~  (31) 
1  k-i  _ 
~  +  f-'~a  "  a-  t 
which, when solved with regard to a~ appears as: 
ax  =  /_~ 
Assuming now  that f0  is  constant 'with  varying salt  concentration 
cEbecause the sum of the charges in the  amphoion NtI+-R-COO  - 
is 0  (for the term amphoion see H. N. K. ROrdam  ~)  and taking the 
logarithm on  either  side  of  (30)  and  (32)  and  differentiating with 
respect to cE, ~ being kept constant (which can, on alteration of c~, 
be effected by adding small quantifies  of  acid  or  base)  we  obtain: 
acid side of isoelectric  reaction 
8 log a~  8 log fl 
or 
cE  ~ c~ 
basic  side 
5  log  a~  8  log ]-i 
$cE  8c/~ 
which inserted in (26)  gives 
pa~  =  0.512 8____.~ 
5 
~cE  ~CE 
pa~ _  _  0.512 $ ~¢/~ 
6cE  ,~CE 
pa~  8  log fl 
=  (33) 
$ cE  8 cE 
8  pa•  $  log  f-l 
or  --=  +  --  (31) 
cE  ~ oF. 
 dside  (' V; si.ve) 
\  *cz  / 
basic side  (36) 
It is easy to see that the variation of pan with c~ as found is entirely 
independent of what value of ~ we maintain constant, and it--the varia- 
tion-must,  therefore, be  the  same  for  all  points of the ionisation 
88 R~rdam, H. N. K., Studies on activity, Doctoral thesis, Copenhagen, 1925. 572  IONISATION  OF  ]~GG  ALBUMIN 
curve.  This  again must  consequently be  displaced,  to  run parallel 
with itself, along the pall axis, when ce  is altered, but while the dis- 
placement on  the  acid  side  of isoelectric reaction  (~ positive)  will, 
on  an  increase of cE,  tend in  the  direction of increasing values  of 
e  )  pall  \ ~-~- positive  the displacement on the basic side will tend in 
(SpaH negative).  the direction of decreasing pall-values \  ~-~-g 
I  J  I  I 
÷/ 
t 
I~ 0 
-/ 
'"  """ \X 
i  I  I  I  I  I 
2  4  6  8  to  /2 
FIo. 3. 
Fig.  3  shows this graphically in  the case of an ampholyte where 
kl  =  10  4 and k-1  =  10 -9 (with the ordinary terms for the base and 
acid dissociation constants kb and ko this answers to kb =  10 -1° and 
ka  ---  10-9).  pall is  abscissa,  ~ ordinate.  O  is isoelectric reaction, 
A  and B  are the points where ~ is 1/2  or  -1/2  as the case may be. 
The fully drawn curve represents the relation between ~ and pall at S~RENSEN, LINDERSTR~M-LANG,  AND LUND  573 
the salt concentration O, the dotted curve that for salt concentration 
In order to form some idea as  to  the order of magnitude of this 
dislocation, we can imagine for instance that c~ is 0.1 N and the salt 
KC1.  It will then amount to 
Apaa  =  ±0.512A  %/;  =  ±0.512  "V/~=  4- 0.162 
The two parts of the ~--paH curve thus undergo a parallel dislocation; 
we can, however, in one sense, say that the curve as a whole is turned 
since the axis X  (see Fig. 3) round which the curve moves as a  peri- 
odic function, will  on  increasing the salt concentration, turn to the 
position X r, the isoionic reaction remaining fixed (see (25)  and (28)). 
For  further  illustration  of this,  let  us  imagine  the  ampholyte 
capable of taking up n  hydrogen ions per molecule, and suppose the 
equilibrium  constants  for  the  different dissociation  stages  to  be  so 
dissimilar  that  there  are  certain limited pall  intervals where ~ can 
with great approximation be determined by the equilibrium between 
two forms only (in the above example for instance between the un- 
charged and  the  singly charged positive  form).  We  will  here  alto- 
gether  disregard the fact  that  the true pall scale  only  sufftves for  the re- 
production of two such typical dissociation intervals  (Fig. 3). 
For the equilibrium between an ampholyte ion of valency r  (posi- 
tive)  and an ampholyte ion of the valency r  +  1 the following mass 
action equation must hold good: 
or, with 
a~t  =  k,+l  •  a,  •  aH  (37) 
a~+t  =  c~+I  • f,+t  etc. 
a~ 
c,  =  -  (3s) 
f, 
k,+__2 
c,+t  =  a,  "fi+l  " a~  (39) 
whence, with ~  =  Ec,.r/Ec,  and c,  +  Cr+  1  =  C A  (as we have assumed 
the concentration of all other ions to  be insignificant) 
ar  ar  r  kr+t 
r  --+(r+I)--.L+I-aH  -+(r+l)--.a~ 
7  =  " f"  fr+t  =  f,  fr+t  (40) 
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which,  solved for  an gives 
f,+__~l. 1  (  ~--r  )"  (41) 
Taking as before the logarithm, differentiating with respect to cB 
(under the same conditions as before) and keeping e  constant,  and 
writing according to (26) 
logfr+x ---- -- 0.512  (r +  1) 2 "V/~'; log f,  ---  -- 0.512  r 2 "M/~  "  (42) 
we obtain 
8 pa~  =  0.512  C(r +  1)'  -  rO  ~V~  =  0.512  (2,  +  1) __8  ~  (43) 
cE  ~ cg  ~ cg 
where 6 ~/~ is positive. 
cg 
The parallel  dislocation  of  the  ~-pan  curve  along  the pan  axis  lhus 
increases--with  a  de~nlte  increase  of cg--when ~ is increased (~ being, 
in each pan interval between r  and r + 1). 
This is shown in Fig. 4 for an ampholyte where n  =  5.  The dotted 
curves represent  a  higher  salt  concentration  than  the  fully drawn 
lines.  The  relation  between the  dislocation  of two  successive dis- 
sociation  curves  (answering  to  equilibrium  between  r  and  r+l 
valent,  or  between r +  1  and  r +  2 valent ions  respectively) is  de- 
termined by (43). 
We see, as before, that the axis for the paH--~ curve turns on the 
point  of isoelectfic reaction  from position  X  to  position  X'  when 
c~ increases (Curve I).  The direction of the turn is such that ~ at the 
same pan is greater the greater c~ is. 
If we now take a  quantity ~,+1 determined by 
f,+l  1  ~,+1  .....  (44) 
84 It should be pointed out that  this equation as well as (30) and (32) from (242) 
can be more simply derived directly from (37).  The calculations have, however, 
been made in this manner in order to introduce the term mean valency, which is 
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then it follows from (41)  that when ~  =  r  +  1/2, 
aK  =  ~-t  pall  =  -- log ¢,+1  (45) 
These values of pall are marked on the curve by the stippled ordi- 
nates and the letters A, B  ....  F.  If we now let the dissociation 
constants k, for the different stages at constant salt concentration ap- 
proach one another, then the various ~, will also approach one another 
*4- 
0 
T ¢3 
tP. 
1 
X  X' 
,'-\ 
y  y' 
\\ 
I  ,  H 
\ 
\ 
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Fro. 4. 
and the points A,B ....  F  will dose in to At,B '  ....  (see Fig. 4, 
Curve  II).  The  s-shaped  equilibrium  curves  will  overlap,  and  the 
periodic  character  of the  ~--paH curve will be effaced, giving  place  to  a 
level  appearance  both  in  the  non-varled  and  varied  position,  the 576  IONISATION OF EGG  ALBUMIN 
latter  being produced by a  turn  from the  position  Y  to  Y'  (ca  in- 
creases).  At the same time we can,  by suitable movement of A,B  .... 
F, bring A',B'  ....  within  the  interval  of  the true  pall scale.  This 
gives us then a typical ionisation curve for a polyvalent ampholyte. 
The  results  of  the  foregoing may be summed  up  as  follows: For 
a monovalent acid or base whose i--pall curve has the shape indicated 
in the one-half of Fig. 3,  the salt effect gives rise to a  parallel dislo- 
cation  of  the  curve along the pall-axis.  In the case of a polyvalent 
ampholyte whose equilibrium  constants for the different dissociation 
stages lie  close together,  the  salt  effect consists in  a  turning  of the 
-  pall  curve  on  the  point  of isoelectric reaction,  and  the  direc- 
tion of this turn is such that i  at the same pall increases with increas- 
ing c~ on the acid side of isoelectric reaction,  but decreases with in- 
creasing  ce on  the  basic side  of isoelectric reaction.  If  the  axis  of 
the ~ -  pall curve  be specially a  straight  line (answering to constant 
proportion  between the  ~'s)  then  it  will be straight  at  any concen- 
tration  of  salt. 
Several of the points emphasised in  the  foregoing are well known 
(cf.  Michaelis, ~7  Kondo, 8 Frisch,  Pauli,  and  Valk6, 9  E.  J.  CohnT). 
What we here wished to point out especially is the peculiar turning 
of the acid-base-combining (ionisation)  curve with the salt concentra- 
tion,  a  movement which is really apparent in the case of egg albumin 
(see pages 582 and 588-598) and can hardly be interpreted otherwise, 
or can at any rate  be interpreted  in  this way. 
On  the  basis of the  Debye-Htickel theory  ~° and  the  researches  of 
Bjerrum  35  as  to  the  relation  between  the  dissociation  constants  of 
dibasic  acids,  one  of  the  present  writers L°  has,  for  a  polyvalent 
ampholyte  whose  dissociation  constants  lie  very  close  together, 
found  by  arguments  precisely  similar  to  those  above  applied,  the 
following expression  for  ~: 
1  - 
=  In  ~  --  (46) 
36 Bjerrum, N., Z. pkysik. Chem., 1923, cvi, 219. S]~RENSEN,  LINDERSTR@M-LANG,  AND  LIYND  577 
where aS is isoelectric reaction, 2q the number of acid and base groups 
in the ampholyte molecule, and w  determined by 
e  ~  0.355  •  10  -7 
w  =  =  (47) 
2DakT  (1  +  Ka)  a  (1  +  Ka) 
in which last expression D  is the dielectricity constant of the water, 
k the Boltzmann constant, T  the temperature, ~ the electric elemen- 
taw quantity, a  the radius of the ampholyte molecule, and  K given 
by 
K  =  ~'ff-~  •  i'n,  =  3.297.107  3/~'#  (48) 
#  as before being ½ ~c,i  ~ and n~ the number of ions with valency i 
per cc. 
For (46)  to hold good, the following conditions must be approxi- 
mately fulfilled.  The ampholyte ions must be spherical, their charge 
must be situated in the centre of the sphere, and the affinity of the hydrogen 
ion for the ampholyte molecule must  be the same for  all the  2q "places" 
where it can be bound or given off. 
Subject to these simplifying conditions, (46)  becomes the equation 
of the axis in Fig. 4, and is therefore the limit equation to which the 
-  pall curve approaches when the dissociation constants move closer 
together.  This will always happen when the radius of the ampholyte 
ions increases (see further in the work quoted  I°) and an even pait - 
curve following this equation must therefore be regarded as a  simple 
result of the fact that the ampholyte ions are large (which, as far as 
we know, is  the case with  egg albumin). 
(46)  is the equation of a straight line if we can, as above, disregard 
the concentration of the ampholyte ions in the expression for u; i.e., 
that c~ is large in proportion to ca.  For in such case u and thus also 
1 
w will be independent of pall and  the constant direc- 
tion tangent for the ~ -  pan curve. 
If on the other hand, in (48)  (or in #) we cannot disregard the term 
½ ~  c,  .  r 2 578  IONISATION  OF  EGG  ALBUMIN 
which is that part of u which arises from the ampholyte ions, then 
will increase with decreasing paI~, because the mean valency of the 
ampholyte  ions  increases  with  decreasing pan.  w  will  therefore 
(through K)  depend on pan and (46)  will no longer be the equation 
of a  straight line. 
It can be shown, as we shall consider further in a later communica- 
tion,  that the equation: 
z c, • r~ =  cA • (~)'  (493 
applies, with a fairly high degree of accuracy, save just in the vicinity 
of isoelectric reaction, where the  contribution  of the  ampholyte to 
t~ in general is insignificant, when ca has values of the order of magni- 
tude here in question.  When, therefore, we consider that cA.~ equiv- 
alents of  an  acid or base  are required to  give  the ampholyte  the 
mean valency ~, it is easily understood that the part of t~ arising from 
the ampholyte salt must be 
,~ =  ½  (c~  •  (~)'  +  c~  •  ~  •  I~l)  (so) 
where le[ is the numerical valency of the ion answering to the ampho- 
lyte in  the ampholyte salt. 
We thus obtain, for the total value of t~, t~r 
where c, or e, as the case may be, are the concentrations and valen- 
cies of other ions present (c~).  When no other ions but the hydrogen 
ions are bound by the ampholyte, then ~  =  it  =  /3~/c.4  (see page 554 
and  (23))  and therefore: 
~r =  ~ ~" ~..e~ +  ½  ~H (~ +  H)  (S2) 
whence, by means of (48), (47), and (46) : 
p~-p~--~  • 0.8686 (~ + :) 
pau  can be  calculated without  disregarding the contribution of  the 
ampholyte to #,  when  pa~, a, and  q  are fixed.  We shall have occasion 
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It  must be  noted  that  we  are  here  throughout assuming that  a, 
the radius of the ampholyte ions, enters into w in the manner indi- 
cated in (47).  This is also correct when we can disregard the radius 
of  the  ions  surrounding any  given  ampholyte ion;  in  other  words, 
when we can disregard #p in the expression for ~r the ionic atmosphere 
in the solution being then formed solely of ions (cs)  whose radii are 
small in comparison with a.  This is taken for granted in formulating 
(46).  a  should,  however,  properly  denote  the  shortest  distance  to 
which the pairs of ions can approach one another.  This, in the case 
of  two  ampholyte ions,  is  2a,  and  in  cases  where  ~p is an essential 
part  of ~r,  w  will therefore be found too great. 
As,  however, our application of the Debye  formula through  (46) 
and (47)  is only intended to serve, and can only serve, as numerical 
illustration of the views put forward generally in the foregoing, mak- 
ing no  claim  to  any  high degree  of  exactitude  for  the  formulm as 
here applied, we shall not go further into the details,  which are  at 
best  very uncertain  theoretically. 
From  (47)  and  (48)  together  it  is  immediately apparent  that  w 
decreases  with  increasing  K,  increasing  cs.  (46),  therefore,  shows 
that ~ at constant pall (and pa~)  and constant q will be the greater 
as  the  concentration  of salt  increases.  In  this  way,  the  turn,  and 
true turning direction, of the limit curve will be represented by (46) 
and thus also those of the ~-paH curve. 
(d)  Remarks on Ampholytes  Capable of Combining  with Other Ions 
Besides the Hydrogen  Ions.--What  is now the position if we assume 
the ampholyte to be  capable of combining with other ions than the 
hydrogen ion?  The assumption will in certain cases involve a  com- 
plication of our formuke, and does not appear  to  be  strictly neces- 
salT,  as the  conditions in  the ampholyte solutions we shall have to 
deal with can be illustrated, at any rate qualitatively, from the con- 
ception of interionic forces alone.  It will,  therefore, be only reason- 
able first of all to ascertain  whether there is any experimental basis 
for the assumption in the cases we have  to consider.  The question 
is highly complex, and the experimental determination as to whether 
binding takes  place  or  not  is unfortunately very uncertain.  If we 
knew the activity coefficient of the ion Ix (or ions) which the ampho- 
lyte was  capable  of combining with,  in the  ampholyte  solution,  then 580  IONISATION  OF  ]~GG ALBUMIN 
a  simple measurement of the activity of 11 would give some infor- 
mation  as  to  the  combined  quantity.  Unfortunately,  we  do  not 
know this activity coefficient, and we have at the moment no means 
of ascertaining whether a  reduced activity of I1 is due to interionic 
forces of  some sort  or  to  "chemical" combination.  38  The  question 
may be roughly formulated as follows: 
The positive ampholyte ions,  which we shall for the moment con- 
sider as large, have an electric double layer arising from the fact that 
the ampholyte has taken up hydrogen ions.  The inner side of this 
double  layer is  therefore composed of hydrogen ions,  the  outer of 
negative ions.  Have, then, any of these negative ions passed through 
the double layer and penetrated into the ampholyte particle or not? 
In both cases, the activity of the negative ions will be less than their 
(total)  concentration. 
Since  we  have  in  the  foregoing based  our  considerations on  the 
Debye-Htickel  theory,  there  might  thus  far  be  reason  enough  to 
calculate, on this basis, the mentioned activity coefficient of the ampho- 
lyre solution and compare it with the experimental observations.  It 
is very doubtful, however, whether the Debye formulae will avail to 
give more than a  picture of the conditions in solutions of polyvalent 
ions,  even  though  their  radius  may be  supposed  to  be  sufficiently 
large.  At  any  rate,  a  difference between  the  activity  coefficient 
found and that  calculated cannot with certainty be attributed to a 
combining of 11 and there is the further difficulty that the calculation 
and experimental control of the calculated fl will naturally have to 
be made with solutions highly diluted in regard to 11 but concentrated 
with regard to the ampholyte, since practically the whole of ~ must 
arise  from the ampholyte's contributions in  order to  show  the  de- 
sired effect as  clearly as possible.  In  such solutions,  it is  doubtful 
whether the  ampholytes we  shall  consider--egg albumin--have  the 
qualities  (constant  molecular weight,  for  instance)  which we  have 
assumed for them in the foregoing. 
We  have,  nevertheless,  made  a  calculation  from  Frisch-Pauli- 
Valk6's  determination  9 of fcl in  egg albumin-hydrochloric acid solu- 
tions, taking as basis a mean ionic radius of 10 -7 and found that the 
calculated values  of log fcl are  about  half  as  great as  those found, 
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answering to a  difference of 15 per cent in fcl.  If we here insist on 
the applicability of the Debye formul~e,--which we are forced to  do 
for the time being--and assume that no other forces prevail between 
the chlorine ions and the protein ions than the forces from the ionic 
charges, then this difference must be interpreted as a  combining of 
the chlorine ions with the egg albumin ions.  But if such other forces 
do exist--molecular cohesion forces--then the difference can be ex- 
plained without assuming that any combination takes place.  There 
is much to  suggest that  such forces are present; and that  they are 
independent of the valency of the protein ions.  We shall not, how- 
ever, go into this question here, though we wish to revert to it on a 
later  occasion.  For  the  time being,  we  shall  consider the position 
in the light of the following facts. 
The  quantity of combined chlorine ions  (calculated as  the above 
mentioned  difference  multiplied  by  the  concentration  of  chlorine 
ions) is, in all experiments where it has been measured with any de- 
gree of accuracy, insignificant  in  comparison  with  the  quantity of 
combined hydrogen ions,  save in  the vicinity of isoionic reaction. 
The  experiments of Manabe and  Matula  87  have  shown  that  the 
activity-reducing influence  of  egg  albumin  on  the  chlorine  ion  at 
isoionic  reaction  is  here  practically  the  same  as  found  by  Frisch- 
Pauli-Valk6 at palt values between 3 and 4. 
We think,  then, that there will be no great error involved by our 
assuming  that: 
1.  The  combining  of  chlorine  ions--the  purely  chemical,  if  we 
wish to put it so--is, at all activities and all concentrations of chlo- 
rine ions, very slight in comparison with the combining of hydrogen 
ions.  Even at low chloride concentrations, the ampholyte combines 
with the maximal quantity of chlorine ions, and this retains its con- 
stant value up to the highest chlorine ion concentration (3 N). 
2.  The  combining of chlorine ions  is  the  same  at  all  pall  values 
between 4 and 5..  (The same applies to all other ions present except 
the hydrogen ion, which, owing to its special qualities forms an  ex- 
ception.) 
If these assumptions hold good, individually or together, then none 
*~ Manabe, K., and Matula, J., Biochem. Z., 1913, lil, 369. 582  IONISATION  OF EGG  ALBUMIN 
of the formulae previously given will prove invalid ((46)  and its re- 
sultant expressions).  This is immediately apparent from the entire 
constancy of the quantity of combined ions.  All that the chemical 
combining can do is to prevent the isoionic reaction from coinciding 
with  the  isoelectric, viz.  in the case where, at isoionic reaction and 
L2E.14 
J"\\  \~  \  ". \~  C,  VH,  a  c, 
O.39  • 
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40  4.2  44  46  "~8 
Pa  H  -.~ 
FIO.  5. 
50  ,52 
every other 'paa,  there  are  not  equivalent  quantities  of  combined 
positive and negative ions.  Isoelectrlc, or more properly isoionic reac- 
tion pa~  (in 46)  is,  however, determined directly from the  experi- 
ments, so that the position of the calculated curve (as well as its direc- 
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2.  Survey of the Experimental Results. 
Fig. 5 shows some of the experiments described on pages 553 to 565 
expressed in graphs, H'10  s being the ordinate and paa the abscissa. 
The significance of the different curves and pointswill be seen from 
the figure.  It is in the first place apparent that H  =  [3n/crr within 
the  limits  of  experimental  error,  is  independent  of  c~r.  Further, 
that  the  curves with increasing salt  concentration become steeper, 
which,  as mentioned, was  to  be  expected; also,  that  they are very 
nearly straight  lines,  which there was  also  reason to  expect would 
be the case.  For purposes of comparison with the experiments pre- 
viously made at  this  laboratory with ionisation  of egg albumin  in 
ammonium sulphate  solutions  (Studies  on  proteins)  we have given 
two curves (Table XI, page 565)  one  dotted  (c<~m,>,so, =  0.06)  and 
TABLE  XII. 
CN 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
anc  I"  10  s 
0 
0.5 
1.0 
1.5 
0 
1.0 
2.0 
3.0 
y. l0  s 
corrected. 
+0.10 
0.60 
1.10 
1.60 
--1.27 
--0.27 
+0.73 
+1.73 
4.80 
4.45 
4.25 
4.05 
5.63 
4.98 
4.47 
4.02 
pan 
4.84 
4.49 
4.29 
4.09 
5.67 
5.02 
4.51 
4.06 
~-lOS  Observer. 
+0.9 
5.4 
10.0 
14.4 
-11.5 
--2.4 
+6.6 
+15.7 
Loeb. 
Hitchcock. 
one stippled  (c  =  0.354)  calculated from these earlier experiments, 
H" 108 being equal to the earlier (t -  t')/e where t and t' are the num- 
ber of cc. N/1000  total  or  free  sulphuric  acid  per  100  cc. protein 
solution, while e is the number of reg.-equivalents of protein nitrogen 
in the same volume (see Table XI and reference there).  As regards 
the direction of the ionisation curves, those of the ammonium chloride 
and ammonium sulphate  experiments correspond, but isoionic reac- 
tion seems to lie rather more to the acid side for the last experiments, 
a  point which we shall investigate in the following section. 
Table  XII  gives  some measurements from publications by Loeb* 
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The  values  directly  found by Loeb  38 and by Hitchcock are given in 
the  first  (1 per  cent egg albumin  solution),  second,  and  fourth  col- 
umns.  pall  was  found  by  (20)  and  Y  corrected  from  CltCl-paIt 
curves by parallel  dislocation  along  the  CHC~ axis until  the  point  of 
intersection  with the pall axis coincided with that  found by us  (pall 
=  4.90).  It  will  be  seen  that  Hitchcock's  egg  albumin  contains 
surplus base.  The values for H" 108 thus found are marked off with 
the  others  in  Fig.  5,  and  it  will be seen  that  our experiments  must 
be said  to  be in  agreement  with  these when  we  consider  that  very 
small  quantities  of salt  are  present  in  Loeb's  and  in  Hitchcock's 
solutions.  In  those  of the  former  none,  in  those  of the  other  only 
that  formed by neutralisation  of the surplus base (about 0.001 1~). 
TABLE XIII. 
Isoionic Reaction and Ammonium Chloride Concentration.  pa~. 
Csmcl  D.tE. 14.  D.~E.17B. 
I  II  I  II 
O. 050  4.889  4.893  --  -- 
O. 200  4.907  4.890  4.880  4.880 
O. 990  4.942  4.923  4.889  4.900 
2.96  4.914  4.911  4.904  4.895 
Frisch,  Pauli, and Valk6's experiments were made at such low pan 
values  that  they  lie  outside  the  range  we  are  considering,  pall  = 
4  -- 5  (also,  their  egg albumin was doubtless of a  different  composi- 
tion  from  ours).  It  is  very  doubtful  whether,  in  solutions  of  egg 
albumin of more than palf=  4 acidity the egg albumin can be trusted 
to retain its genuine qualities,  and it is highly probable that  the egg 
albumin  particles  will,  owing  to  the  high  valency,  be  decomposed 
into  smaller particles.  It is a  well known fact that  this  decomposi- 
tion,  in the case of egg albumin is  in  all  essentials  irreversible, and 
accompanied  by a  denaturation.  We  shall,  therefore  disregard  all 
measurements with a  more acid reaction  than  4. 
38 The values from Loeb's experiments were read from the curve, Loeb,  4  p. 93. S~RENSEN,  LINDERSTI~M-LANG,  AND  LUND  585 
3.  Isoionic  Reaction. 
Table XIII gives the value for isoionic reaction; I, found as absdssa 
of  the  point  of  intersection of  the  /~H-paH-curves  with  the  pall 
axis,  II,  as abscissa  of the point of intersection between the curves 
answering to protein  concentrations cl~  =  0.39,  0.13,  and 0.05  (see 
pages 567 and 568 and Fig. 2).  The agreement between the two modes 
of calculation must be said to be good.  The  greatest  discrepancy is 
found in the experiment with D.  ~E.  14, c  =  0.99.  As this experi- 
ment lies  somewhat apart  from the rest,  and as  the  difference be- 
tween the values (I) 4.942  and (II) 4.923  might tend to suggest that 
the  ammonium  chloride  employed  contained  a  small  surplus  of 
base, we have, therefore, recalculated the Y values in Table V by sub- 
tracting the constant magnitude 1.00.10 -4 whereby the two methods 
TABLE  XIV. 
Pa~r  all. 10  s  pa~  a~. 10s  p~  cli. 10  ! 
¢'m~6ct 
Method  II.  Mean.  Mean. 
0.05  4.893  12.79 
0.20  4.885  13.03 
4.898  12.65  4.857  13.90 
0.99  4.912  12.25 
2.96  4.904  12.47 
are made to agree.  These recalculated values are given in Table Va, 
and the values found from them for/~a, H, and h  must  thus be re- 
garded  as  the  correct ones. 
As the mean values of the experiments with D. 2E. 14 and D./E. 
17B we find the following values for pa~  and a~ calculated according 
to Method II  (Columns 2  and 3,  TaMe XIV).  As these figures do 
not  differ  beyond  the  limits  of  error,  we  must  for  the  pres- 
ent  conclude that  isoionic  reaction may  be  regarded  as  very  nearly 
independent  of  the  ammonium  chloride concentration,  and  we  have 
therefore, in Columns 4 and 5, noted the mean values for all salt con- 
centrations.  For  purposes  of  comparison,  p~  and  c~  are  given  in 
the last  two  columns, calculated according to  the  classical dissocia- 
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In  previous  experiments made at  the  Carlsberg  Laboratory  the 
following value, independent of ammonium sulphate concentration, 
was found for the isoionic reaction of egg albumin in ammonium sul- 
phate solutions: 
pa~  =  4.844,  corresponding to p°  a  =  4.803 and c°~  =  15.74  •  10  -6 
As these figures do not agree very well with those now found it may 
perhaps be of interest to endeavour to find the cause of this difference. 
An  investigation  15  of  the  hydrogen ion  activity  measurement in 
strong ammonium sulphate solutions has shown that it is subject to 
a rather high degree of error due to a liquid junction potential at the 
boundary surface between the ammonium sulphate solution and the 
3.5  normal potassium chloride solution which forms the connecting 
TABLE  XV. 
¢(NaOtso4 
0.06 
0.36 
0.80 
1.41 
2.79 
4.12 
p4 
uncorrected. 
4.844 
4.844 
4.844 
4.844 
4.844 
4.844 
AE 
0 
A  pa  x 
0.0002 
0.0015 
0.0027 
0.0035 
0.0044 
0.0049 
0.003 
0.026 
0.047 
0.061 
0.076 
0.085 
0 
Pan 
corrected. 
4.841 
4.818 
4.797 
4.783 
4.768 
4.759 
liquid; a  liquid junction potential the magnitude of which can only 
be  estimated  when measuring both  with  1.75  and  3.5  ~  potassium 
chloride as connecting liquid. 
In order to give an idea as to the importance of this source of error 
to the isoionic reaction,  39 we  have  calculated what  pall ought to be 
if the liquid  junction potential could be  taken as  equal to  the dif- 
ference between the liquid junction potentials with 1.75 N and with 
3.5  N potassium  chloride  solution,--a  difference which is measure- 
able in itself.  We  are,  however, as mentioned, well aware  that  the 
calculation cannot claim to be quantitatively exact, as has been shown 
by Bjerrum  4° to be the case with dilute hydrogen ion solutions.  In 
39 It has no effect on the form and direction of the ionisation curve. 
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Table XV, the liquid junction potential (see Foot-note 15, page 18) A E, 
the pa~ found, the correction for pa~, Apa~, and the corrected pa~ are 
indicated for different concentrations of ammonium sulphate.  Fur- 
ther, in Fig. 6, these corrected pa~ values are shown graphically to- 
gether with those directly found in the ammonium chloride solutions. 
A small series of experiments has shown us that there is, as expected, 
no demonstrable ~  E  in ammonium chloride solutions up to 2  ~. 
It seems, from this figure, as if both curves would, at a suflidently 
low concentration, approach very nearly to each other, and that in 
other words, isoionic reaction in  salt-free  solution lies between pall 
4.87  and 4.89. 
2 
t  .... 
,[N~,SO, 
•  N~CI 
~Z  48 
,/. 
49 
I 
I 
I 
/ 
FIG. 6. 
We shall not here go further into the cause of the variation in pa~ 
in ammonium sulphate solutions but refer to pages 570 and 579-582. 
There is really nothing remarkable in the fact that ammonium chlo- 
ride and ammonium sulphate should exhibit this difference, whether 
we  assume  that  combining takes  place,  or  that  there  are  specific 
interactions, for the chlorine ion and the sulphate ion  are  both  in 
regard to valency and other qualities extremely unlike, whereas the 
ammonium ion is very closely allied to the chlorine ion. 588  IONISATION  OF EGG  ALBUMIN 
4.  Calculation  of the Ionisation  Curves. 
Finally, in calculating the ionisation curves from the considerations 
given in the foregoing, we would once more point out the temporary 
character of all our ideas as to the constitution of protein solutions. 
Even though egg albumin, in  certain ammonium sulphate and am- 
monium  chloride  solutions  about  isoionic  reaction,  does  behave  as 
a  high  molecular  substance,  with  constant  molecular  weight  and 
following the gas laws, there is yet much to suggest that this is not 
the case in salt-free solutions, or in solutions where the hydrogen ion 
concentration lies far apart from the point of isoionic reaction.  How 
large this stable interval may be we can hardly say and it is possible 
that we may already, in our mentioned experiments, have considerable 
divergence  from  these  simple  molecular  conditions  (cf.  page  584). 
Moreover, the applicability of formulae such as (46)  and others based 
on  the Debye-Htickel theory will be to  some extent limited, partly 
by the assumptions as  to molecular structure which we are obliged 
to entertain, and partly from a fundamental uncertainty in the theory 
itself,  which loses  in  value  particularly when  dealing with  ions  of 
very high valency (cf.  Bjerrum  41)  and at  higher salt  concentration, 
even in  the more general form in  which it is here used taking into 
consideration the radii of the ions (see e.g. I-Iiickel  4z and Bjerrum41). 
Further, the possible presence of other forces between ions and mole- 
cules in  solutions~--not  considered in  the  Debye  theory--and the 
possibility  of chemical combining of  other ions  than  the  hydrogen 
ion,  which we have  scarcely heeded here,  oblige us,  in  conjunction 
with other features noted, to characterise the validity of our calcu- 
lations as an ideal limit. 
Subject  to  these  reservations,  however, we  consider it  justifiable 
to illustrate the position by means of forrnula~ such as (46)  and those 
following.  From the foregoing, it is evident that we thus regard the 
alteration  in  the  direction  of the  ionisation  curves  as  purely  due to the 
action  of interionic forces. 
4t Bjerrum, N., Z. anorg, u. allg. Chem., 1923, cxxix,  323. 
*~ Htickel, E., Physik. Z., 1925, xxvi, 93. 
43 Linderstr~m-Lang, K., Compt. rend. tray. Lab. Carlsberg, 1923, xv, No. 4. S~RENSEN,  LINDERSTlqCM-LANG,  AND  LIYND  589 
On consideration of (46),  (47),  and  (48)  which we can, as ~  =  h 
unite in the expression 
(a  0.308  • 10-'  0"8686)  (53) 
pa~  =  pa~  -- h  (1  +  a  • 3.297  •  10 7 "V/#)  "~- 
it will be seen that there are three quantities to be  fixed, pa~i, a, and 
q.  The  molecular weight  of egg albumin,  and  the  specific gravity 
of its  particles,  being  known,  h  can  be  found  from  the  equation 
h  =  Brt/ca  (see page  554)  and a  can be determined (cf.  K.  Linder- 
str~m-Langl°),  pa~ must be selected so as to coincide with that found 
by the experiments (cf.  Fig.  5)  while q  must  be determined from  the 
direction  of  the  ionisation  curve  at  a  single  salt  concentration.  The 
formulae  thus found should then be correct for all the remaining salt con- 
cenlrations. 
We  have  chosen a  =  2.21.10 -7  cm.,  answering  to  a  molecular 
weight for egg albumin of 35,000  in  aqueous solution,  ca  thus be- 
comes  =  C'N/357  a  and h  will be determined by 
=  I~  •  357 
(see Tables  III  to  XI).  pa~ we  have,  for  the ammonium chloride 
and  potassium  chloride  experiments,  taken  as  equal  to  4.898,  for 
the  ammonium  sulphate  experiments  as  4.844.  q  is  calculated 
from the experiment Table  III,  c c,  =  0.05,  and it is  found that 
q  =  15  will  apply.  45  The  number of acid and  base  groups  in  the 
egg albumin molecule should therefore be 30.  The uncertainty at- 
tacking to this figure is naturally very great (cf. Linderstrgm-Lang  as) 
but  when Loeb# Hitchcock,  5 Cohn, 7 Frisch, Pauli,  and Valk69  find, 
at higher hydrogen ion activity, an ionisation far in excess of what 
should be the maximal from this figure, it must doubtless be taken 
as meaning that the egg albumin molecule is decomposed thus liberat- 
ing more  "base  groups." 
44 These figures are not quite corresponding  to those given by Sg~rensen.  As, 
however, they have been used before in the paper above quoted for similar calcu- 
lations and as there is no sure experimental basis for changing them we shall re- 
tain them here. 
45 One of us has previously  1° from an ammonium sulphate experiment (Studies 
on proteins, 1, 22) where c was 0.06 N, found q  =  20 by a calculation without regard 
to the protein ions' contribution to t*.  As we shall see, this  particular  experiment 
fails a little apart from the rest. 590  IONISATION  OF  EGG  ALBUMIN 
We take, in other words: 
a  =  2.21  •  10  ~  cm. 
--  ~  •  357 
pa~  =  4.898 and 4.844 
q  =  15 
so that 
0.1395  ) 
pa~  =  pa~  --  ~  1  -t- 2.2i--'~97  %/~  -[" 0.0580  (54) 
where ~ is determined by (52) 
for  egg albumin,  ammonium chloride  (or  potassium chloride),  and 
hydrochloric acid,  and by 
=  ~r  =  ~ cc~,)~o,  +  ½ ~  (~ +  2)  (55) 
for  egg  albumin,  ammonium sulphate,  and  sulphuric  acid,  where 
[e  I is 2.  The calculated values are given  in  Table XVI.  ~ is, after 
(54)  given by 
0.1395 
---  1  -b 2.21  •  3.297  %/~  -t- 0.0580,  (57) 
the last columns give the calculated pare 
Figs. 7 to 12 showthe results in graphical form.  pall is the abscissa 
and H.10  3 the ordinate  (second  column, Table  XVI).  The points 
marked all answer to values experimentally found (Tables III to XI) 
whereas all  the  curves are  calculated.  If,  therefore, we wish to as- 
certain the agreement between theory and experiment, we must com- 
pare, in the figures, the position of the points and curves answering 
to  the same salt  concentration and protein concentration.  In each 
individual figure we have  given, not only the particular calculated 
curve or curves for the salt concentration to which the experimental 
points  refer,  but  also  other  calculated--dotted--curves  answering 
to other salt  concentrations, thus facilitating the general view of the 
curves and the way they turn. 
In  calculating the values given in  Table  XVI,  we  have  taken  a S~R.ENSEN, LINDERSTR@M-LANG,  AND LUND 
TABLE XVI. 
Calculated IonisaHon Curves. 
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I  I  I  I 
~lx'10t  H.10  a  h  /~p  [  ~T  ]  g.10-7  [  ¢p  [  ~'k  pa  a 
Usalt ~  O.  cN -  0. 
0  9.52  3.40  0  0  0  [ 0.1975  [ 0.672  4.226 
0  0  0  0  0  0  ] 0.1975  ]  0  4.898 
~salt =~ 0.  ¢~ =  0.210.  ~p =  fig Ok +  1)'1/2. 
50 
35 
20 
10 
0 
23.81 
16.67 
9.52 
4.76 
0 
8.50 
5.95 
3.40 
1.70 
0 
0.024 
0.012 
0.005 
0.0015 
0 
0.024 
0.012 
0.005 
0.0015 
0 
0.511 
0.361 
0.221 
0.127 
0 
0.1235 
0.1355 
0.1516 
0.1670 
0.1975 
1.050 
0.806 
0.515 
0.284 
0 
3.848 
4.092 
4.383 
4.614 
4.898 
iZsalt --  0.006.  cN  =  0. 
0  0  0 00   0400 0  
0  0  0  [  ]  [  [  0  0.006  0.248  0.1480  0  4.898 
/Zsalt =  0.006.  ~q =  0.210.  /~p  =  ~R (h +  1)-1/2. 
50 
35 
20 
10 
0 
23.81 
16.67 
9.52 
4.76 
0 
8.50 
5.95 
3.40 
1.70 
0 
0.024 
0.012 
0.0045 
0.0015 
0 
0.030 
0.018 
0.0105 
0.0075 
0.006 
0.571 
0.443 
0.338 
0.286 
0.248 
0.1197 
O. 1285 
0.1377 
O. 1436 
0.1480 
1.017 
0.765 
o.46s 
0.244 
0 
3.881 
4.133 
4.430 
4.654 
4.898 
10 
8 
6 
4 
2 
0 
usa]t =  o.o5o,  cs =  0.05o.  #  -  ~x (~ + I)-1/2. 
20.00 
16.00 
12.00 
8.00 
4.00 
0 
7.14 
5.71 
4.28 
2.86 
1.43 
0 
0.004 
0.0025 
0.0015 
0.001 
0. ~g~05 
0.054 
0.0525 
0.0515 
0.051 
0.0505 
0.050 
0.766  0.1099 
0.756  0.1103 
0.748  0.1105 
0.744  0.1107 
0.739  0.1109 
0.737  0.1110 
0.785  4.113 
0.630  4.268 
0.473  4.425 
0.317  4.581 
0.159  4.739 
0  4.898 
/~salt =  0.050.  ~  =  0.130. 
30 
25 
20 
15 
10 
0 
23.07 
19.23 
15.38 
11.54 
7.69 
0 
8.23 
6.86 
5.49 
4.12 
2.74 
0 
0.014 
0.010 
0.0065 
0.004 
0.002 
0 
0.064 
0.060 
0.0565 
0.054 
0.052 
0.050 
0.834 
0.807 
0.784 
0.766 
O. 752 
0.737 
O. 1071 
O. 1082 
O. 1091 
0.1099 
0.1104 
0.1110 
0.881 
O. 742 
0.599 
0.453 
0.302 
0 
4.017 
4.156 
4.299 
4.445 
4.596 
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TABLE  XVI--Continued. 
#salt ~ 0.050.  CN = 0.390. 
80 
60 
40 
20 
0 
20.51 
15.38 
10,26 
5.13 
0 
7.32 
5.49 
3.66 
1.83 
0 
0.0335 
0.0195 
0.0095 
0.0003 
0.0835 
0,0695 
0.0595 
0,053 
0.050 
0.963 
0.869 
0.804 
0.759 
0.737 
0.1026 
0.1058 
0.1082 
0.1101 
0.1110 
0.751 
0.581 
0.396 
0.201 
0 
4.147 
4.317 
4.502 
4.697 
4.898 
/~salt ffi  0.056.  CN ffi  0.210.  p.p =  ~  (/t -b 1).1/2. 
50 
35 
20 
10 
0 
23.81 
16.67 
9.52 
4.76 
0 
8.50 
5.95 
3.40 
1.70 
0 
0.024 
0.012 
0.0045 
0.0015 
0 
0.080 
0.068 
0.0605 
0.0575 
0.056 
0.932 
0.860 
0.811 
0.791 
0.780 
0.1036 
0.1061 
0.1080 
0.1087 
0.1093 
0.881 
0.631 
0.367 
0.185 
0 
4.017 
4.267 
4.531 
4,713 
4.898 
Psalt = 0.090.  CN ffi 0.210.  /Zp = flH (h -{- 2) "1/2  ((NI-I4)2SO4). 
50 
35 
20 
10 
0 
23.81 
16.67 
9.52 
4.76 
0 
8.50 
5.95 
3.40 
1.70 
0 
0.0265 
0.014 
0.0055 
0.002 
0 
0.1165 
0.104 
0.0955 
0.092 
0.090 
1.126 
1.063 
1.019 
1.000 
0.989 
0.0980 
0.0996 
0.1009 
0.1014 
0.1017 
0.833 
0.593 
0.343 
0.172 
0 
4.011 
4.251 
4.501 
4.672 
4,844 
Psalt = 0.106.  CN = 0.210. pp = flH (,~ -}- 1)'1/2. 
50 
35 
20 
10 
0 
23.81 
16.67 
9.52 
4.76 
0 
8.50 
5.95 
3.40 
1.70 
0 
0.024 
0.012 
0.0045 
0.0015 
0 
0.130 
0.118 
0.1105 
0.1075 
0.106 
1.188 
1.132 
1.096 
1.081 
1.074 
0.0964 
0.0978 
0.0988 
0.0992 
0.0994 
0.819 
0.582 
0.336 
0.169 
0 
4.079 
4.316 
4.562 
4.729 
4.898 
/~salt = 0.206.  cN = 0.210  #p =/~ (hq- 1)'1/2. 
50 
35 
20 
10 
0 
23.81 
16.67 
9.52 
4.76 
0 
8.50 
5.95 
3.40 
1.70 
0 
0.024 
0.012 
0.0045 
0.0015 
0 
0.230 
0.218 
0.2105 
0.2075 
0.206 
1.581 
1.539 
1.512 
1.502 
1.494 
0.0891 
0.0897 
0.0901 
0.0903 
0.0904 
0.757 
0.534 
0.306 
0.154 
0 
4.141 
4.364 
4.592 
4.744 
4.898 
btsalt =  0.200.  CN = 0.390  #p = /~a (h-kl)l/2. 
90 
80 
60 
40 
0 
23.08 
20.51 
15.38 
10.26 
0 
8.24 
7.32 
5.49 
3.66 
0 
0.0415 
0.0335 
0.0195 
0.0095 
0 
0.2415 
0.2335 
0.2195 
0.2095 
0.200 
1.620 
1.593 
1.545 
1.509 
1.474 
0.0885 
0.0889 
0.0896 
0.0902 
0.0907 
0.729 
0.651 
0.492 
0.330 
0 
4.169 
4.247 
4.406 
4.568 
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TABLE  XVI--Concluded. 
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I 
~H.104  ~.103  ~  I  ~ p  I  p T  K.10  -7  ¢p  ~.~  pa~ 
Psalt = 0.531.  c~ ffi 0.210  ~p ffi ~H (h -F 2)'1/2"((NH4)2504). 
20  9.52  3.4-0  0.  55  0.5365  2.43  0.0799  0.272  4.572 
0  0  0.531  2.42  0.0800  0  4.844 
Nsalt  ffi 0.989.  cs ffi 0. 
--  23.81  .  8.50  I  --  0.989  3.28  [ 0.0773  I  0.657  4.241 
0  0  0.989  3.28  0.0773  0  4.898 
Nsalt ffi 2.955.  ¢~ ffi 0. 
--  23.81  8.50  --  2.965  t  5.68  0.0683  ] 0.581  4.315 
0  0  2.965  [ 5.68  0.0083  [  0  4.898 
/~saltffi co.  csffi0. 
--  16.67  5.95  --  co  co  0.0580  ] 0.345  4.553 
0  0  co  co  0.0580  t  0  4.898 
series of suitable values for fiH and dividing by the desired c•  found 
H, whence by multiplication by 357,  ~.  When h is known, we can, 
at  the desired salt  concentration, calculate #p  and/~r  from the ex- 
pressions given above (52),  (55), and (56), and  thence again k from 
(48) and ¢ from (57).  Multiplying ~ by h, we then obtain the value 
o  which must be subtracted from pall  to  give the calculated value of 
pall answering to  the assumed H  (or h). 
We  have  given  some limit  values  and  limit  curves for  cN  =  0, 
namely, at  the salt  concentrations 0,  0.006,  and  oo.  At the higher 
salt concentrations, where ~r is great in comparison with u~ it is of 
no  importance  to  the  course of the  curve what  value we  give  cN; 
this  is  not  the  case,  however, at  lower concentrations, and  as  the 
introduction of ~  in #r, must be regarded as a rough correction, limited 
in its accuracy partly by what has been said on page 579 and partly 
by the manner in which Zcr.r ~ is  calculated (see (49), page 578)  we 
have, at the lower salt concentrations, thought it well to show what 
would be the direction of the curves if CN  (and therewith ~H but of 
course not flH/CN)  were insignificant.  It is also of interest to deter- 594  IONISATION  OF  EGG  ALBUMIN 
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mine these limit curves for c  =  0 and c  =  ¢o  simply to see whether 
all  the  points  experimentally  found  lie  between  them.  In  calcu- 
lating these, we have selected a  suitable H  value and then proceeded 
as  before. 
From this table, and these curves, it appears that: 
(1)  it is possible by means of a formula such as  (46)  or  (54),  deter- 
mined  solely  by  osmotic  experiments  and  by  the  direction  of a  single 
ionisation curve  (Fig. 8), to fix two limit curves for c  =  0  and c  =  o~ 
between  which all the points experimentally found will be situated. 
(2) it is possible with the aid of this formula to reproduce, in the main, 
both  the shape of the ionisation  curves  and their turning,  with varying 
salt concentration, and this in a  manner  highly satisfactory  considering 
the premises. 
(3)  the  rectilinear  character  which  the  calculated  curves  exhibit 
when cN is small compared with the concentration  of salt, and which 
disappears  when  the  reverse  is  the  case, is,  already pointed  out  1° 
on the whole in  agreement with the experiments,  though  the  curves 
found appear  to bend more at higher  and less at lower salt  concen- 
trations  than  the  calculated  ones.  The  introduction  of  #~  in  #r 
seems,  from  the  course  of  the  curves at  lower salt  concentration, 
to  be justifiable. 
In  this  connection we would further  observe: 
On  the  basic side of isoionic reaction  we find  considerable  diver- 
gence,  which  has  not,  however,  been  determined  with  certainty. 
We must here assume that  the views as to the relation  between the 
dissociation constants of egg albumin on which (46) is based are not 
sound.  As  previously pointed  out  ~  there  is  nothing  surprising  in 
this. 
The  accuracy  of  the  expression  for  w  (47)  is  doubtless  greatly 
decreased at the high salt concentrations, but as w at the  same  time 
decreases with increasing ~ the error is thereby reduced. 
As mentioned, also, the accuracy of (46) decreases with decreasing 
salt  concentration,  as  the  uncertainty  of  t~  here  makes  itself  felt. 
It  is  not  surprising,  therefore,  that  the  calculated  curve  for  salt 
concentration  0.006  lies  somewhat  apart  from  that  actually  found, 
and  that  Loeb's and  Hitchcock's  points  also lie  somewhat outside. 
4~ Linderstr~m_Lang, lO p. 23. 598  IONISATION  OF  EGG  ALBUMIN 
At  the ammonium chloride concentration 0.05  N  (~  =  0.05)  we 
find that ~e is already of subordinate importance, as the three curves 
answering to different cN do not differ much one from another. 
As  regards  the  ammonium  sulphate  curves,  the  agreement  at 
ccNm),so, =  0.06, ~  =  0.09 is not so good; it  is nevertheless evident 
that the effect of the double charge in the sulphate ion tends in the 
right direction, as the curve for ~  =  0.06, the same normality as the 
ammonium  sulphate  solution,  lies  considerably  farther  from  the 
points experimentally found. 
SUMMARY. 
Introduction. 
A description is given of the principle followed in the experimental 
determination of the ionisation of egg albumin, its capacity to com- 
bine with acids and bases. 
Egg albumin is regarded as an ampholyte, and in accordance with 
J.  N.  Brf~nsted's definition of acids and bases, ampholytes are con- 
sidered as substances capable of both taking up and giving off hydro- 
gen ions.  The theoretical treatment of the capacity of ampholytes 
to combine with acids (and bases) has been carried out on this basis. 
Section A. 
Several experimental series are  noted, comprising the determ~ua- 
tion of the activity coefficient of the hydrogen ion (fn) in ammonium 
chloride solutions of different concentration. 
Section t3. 
The general method of  experimental determination of  the ionisa- 
lion  (capacity to  combine with acids and bases)  of egg albumin in 
ammonium chloride and potassium chloride solutions is  briefly de- 
scribed, and the results of the experiments are compared. 
Section C. 
1).  In a  brief theoretical survey we have suggested that distinction 
should be made between isoelectric and isoionic  reaction of an am- 
pholyte, the former defined as  the hydrogen ion activity  (value  of 
pan) at which the mean valency of the ampholyte is 0, the latter as 
the hydrogen ion activity at which the quantity of acid or base com- 
bined with the  ampholyte is 0; or,  as we  prefer to  express it,  the 
hydrogen ion  activity  at  which  the  specific hydrogen ionisation  of SJ~RElgSEN, LINDERSTR~M-LAN(~ AND  LIYND  599 
the ampholyte is O.  If the ampholyte does not combine with other 
ions  than  the  hydrogen ion,  then  isoelectric and  isoionic reaction 
coincide.  Isoionic  reaction  is  determined  by  add-combining  ex- 
periments.  The principle of this determination is briefly described. 
A  theoretical investigation of  the alteration with salt  concentra- 
tion of both isoelectric (isoionic)  reaction and the shape and direc- 
tion  of  the  ionisation  curves is  made,  with  regard  to  ampholytes 
capable only of combining with hydrogen ions, on the basis of the 
Debye-Htickel formula~ and Linderstr~m-Lang's theory for the ionisa- 
tion of polyvalent ampholytes of simple type.  It is shown that the 
salt effect, in accordance with the theory, and  in qualitative agree- 
ment with the experiments,  consists in a  turning of the ionisation 
curves,  indicating  the  relation  between  the  quantity  of  combined 
add  (specific  hydrogen ionisation) and pan,  and the turning of the 
curves, which leaves the isoelectric reaction unaltered, tends in such 
a direction that the quantity of combined acid at constant ampholyte 
concentration and  constant pa~ increases with increasing salt  con- 
centration. 
The possibility of chemical combining of other ions than the hydro- 
gen ion is discussed. 
2).  Following on 1), a  brief survey of  the  experimental results is 
given. 
3).  The isoionic reaction is found from the experimental material 
and proved  to  be  independent of  the  ammonium chloride concen- 
tration.  As the mean of all  determinations  we  have  pai~  =  4.898 
(isoionic  reaction).  The  difference  between  this  value  and  that 
formerly found for ammonium sulphate solutions (4.844) is discussed. 
4).  Finally, on the basis of the theory in Section 1),  some simple 
calculations of the ionisation curves for egg albumin are made, and 
it  appears  that  the  theory can  reproduce  the  experimental  results 
in a  rough quantitative way when we assume that the egg albumin 
has a  radius of 2.21.10 -7 cm.  (answering to  a  molecular weight of 
35,000  in aqueous solution),  and contains 30  acid and base groups. 